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I. L"PQ'TRODUCTION 
Locat.Jrqn 
The Kingfield quadrangle ie bounded by ·north latitudes 
44°45' and 45°oo• and west longitudes 70°00' and 70°15 ' . 
This area of Zl2 square miles l ies in tbe north central part 
of the State of Maine which has a hilly or mountainous 
topography. Heavy forests cover most of the region. 
Because of the low population. the entire region is served 
by only a few modern high- speed highways . 
The Kingfield quadrangle has good all-weather access 
provided by paved State highways. State route 27, which 
practically bisects the quadrangle in a nor t h-south direc-
tion , connects with State route 4 at Fairbanks. 1h1s rou t e 
4 also crosses the southwestern part of the quadrangle for a 
distance of about five miles4 Southward from Strong route 4 
connects with the Maine Turnpike--a toll road--at the Auburn 
interchange about sil(ty-two miles away. This toll road con• 
nects in turn with the New Hampshire Turnpike--another toll 
road• •thl1t extends to the Mas$achusetts state line and meets 
highway u, s. 1. 
A nettfOrl.t of paved roads laces the quadrangle and pro-
videS. good access to almost all parts of the area. Routes 
21, 145, and 16 are approximately parallel in a north•south 
dlroction and extend alma t t he lengt h of &he quadrangle. 
1hre~ other P4"ed roads I"Ull tn an ~t.wast direotioh to 
e.omplete ChG netwc.rk. 
2 
Local gravOl and d1~t roads W:'\tch branch i.n alt diree• 
tiou off~W ae.ee&e. to almost ovary pare of the 212 square 
mile oroa. There aro nwerous old tmd fte\g l og_gtng roads 
wh1ch ean ba followed v1th the otd of t be aerial photographs 
of t ll.o quadrangle. '1'h4 at:e4 around Day Pond in t he north• 
west corner end the r egi on just t o the south of t he New 
Vt.ncyard Hountains ~e .(\bout t he only two p l aces \vhere 
.• 
accaas roads are n.ot :bbvtdue. A jeep rOf,ld fcllo"t~S Aldet.· 
nroolt and cmtenao ae far as Day Pond. In ttu~ New Vinoyard 
Hounealn area a prlvato jeep rood 'tUnS from Lemon Stream to 
a point j ust south of caswell M:ountoi.tl . 
Hose of t he secendary roads tndle.atoo on t he topo• 
~raphic map n~0 DO ove~srown t~at ~\Gy aro tm?aso~ble t o 
vahielo:s and ara ~ly cuit:abt~ as t:r.ntlo.. At.most alt of the 
tnd1a4tOd tra11o bavQ be so ovargrotrm by tho aneroilch1ng 
vegetation that 1t le vary difficult t o follot>~ th~~. 
t ;tXiQua .gcgtg~1. ~ark 
Although gaoloai.cel '*'Ot:k hao bean done tn north een• 
tral tiatn~ slnee tho 'eatly year& of t he, ntnoteentn century • 
the Ktngfteld qtUld~ le bafJ reca1vcd only bri.Gf mention 1n 
tho sco1~s1efll. u .. C.J:4ture. No doto11ed tr$4tment of tho 
neol ogy of tha (J\I44r~sl.e hos boot\ publ ished. S(Net'o.l 
workers have described their interpretations of the geology 
of some parts of the quadrang le in their publications con-
nected with regional studies of northern Maine or with 
specialized geological problems of adjoining areas. 
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Of historical interest is Charles T. Jackson's mention 
of some areas in the Kingfield quadrang le in a report pub-
lished in 1839. During an investigation of limestone out-
crops to evaluate their potentialities as raw material 
sources for lime kilns Jackson (1839, p. 110) described a 
visit to Lexington: 
It is too poor a rock for the purpose, and is not in 
plape. The ledges are siliceous slate, containing fre~ 
quent veins of quartz. Porphyritic granite, in boulders 
and huge blocks, occurs abundantly in the soil. Pyri-
tiferous slate also abounds. Being satisfied that lime-
stone was not available, I returned t o Kingfield • • • 
Similarity, he described a visit to Ne'.q Portland by noting , 
"The rocks are strongly charged with pyrites, which is mag-
netic, causing a powerful deflection of the magnetic 
needle.n The siliceous slate and the pyritiferous rocks 
which he 'described are probably part of the same formation. 
The deflection of the magnetic needle may have been caused 
by the presence of pyrrhotite rather than "pyrites "• 
c. H. Hitchcock ( 1861, P• 164) located "azoic lime-
stone" beds in Strong and Kingfield as well as in other 
towns of Franklin County. These "azoic limestone" beds to 
which Hitchcock referr.ed may not be of t he same formation; 
the limestone in the Kin~field area is probably younger in 
4 
age than that found near Strong. Hitchcock (1863, p. 294) 
described a "mica schist" that yielded "copperas" by de-
composition. In the same area he noted that limestone beds 
were commonly interstratified with the schists, These lime-
stone and sulfide-rich schists. which probably belong to the 
same formation, have attracted the attention of many other 
people who later worked in the region. 
Arthur Keith (1933) compiled a Preliminary Geologic 
tv'tap of Haine which depicts tqe Kingfield quadrangle as being 
I 
.cOll,lposed of metamorphosed Pre~ Cambriari rocks and folded 
Lowe~ ~leozoic sedimentary and metamorphic rocks intruded 
by a mass of biotite granite of later age. The pre-
Cambrian rocks consist of banded mica gneisses and schists 
trending about N. 10° E. from the western edge of the quad-
rangle and extending in a belt to an area around Tufts Pond. 
Adjoining these rocks immediately to the east is a broad 
band of Silurian rocks~ This wide band enters the quad-
rangle at t he south margin and extends i n a northerly direc-
tion as a continual ly narrowing band that leaves the quad-
rangle at a point just to the west of Vose Mountain. These 
Silurian rocks are described as black, gray , and red slates 
with interbedded thin gray sandstone and quartzite beds and 
massive argillite; limestone beds occur in the upper part of 
the formation. The Cambrian and Ordovician rocks are located 
along the eastern and southeastern margin of the quadrangle •. 
-- --------- -----
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They extend in a narrowing band which trends slightly north-
westward and exits on the west slope of Vose Mount·ain. This 
formation is composed of gray grit, quartzite, and argillite 
with interbedded black and gray slate. A granite body ex-
tends from the northern limits of the quadrangle to the area 
just to the east of New Portland Hill. Another biotite 
granite is indicated just at the northwest corner of the 
quadrangle. Keith•s map may have been the product of a 
compilation of widely scattered information sources and 
reconnaissance because it seems to be quite generalized . 
However, Keith 's contacts of the large granite body are gen-
erally supported by the mapping of the writer. 
Leavitt m1d Perkins (1934) completed a study of t he 
distribution of Pleistocene sedimentary depos i ts in t he 
Kingfield quadrangle, This area was one of several which 
they covered in order to complete a survey of road materials 
of Maine. Their work was quite accurate and contained many 
detailed laboratory analyses of field samples. They mapped 
the distribution of wash plains. kame terraces, kames, 
eskers, terraces, moraines, till, and several other types of 
sedimentary depositional features. 
A reconnaissance survey of limestones in Franklin 
County which was performed by Pratt and Allen (1949) indi-
cated that there is an anticlinal axis near Strong. In 
describing the geo logy of _this locality Pratt and Allen 
I 
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{ 1949, p. 24) state that "these beds lie in the. flat country 
north of Farmington in the Kingfield area, where because of 
heavy drift cover, mapping ls difficult•" Conclusions con• 
aerning the structure of .this 1e>ca11ty w.lll be diseuased 
more completely in a later seotion••the structure eeetion. 
A preliminary report on the geology of a portion of 
the Rumford quadrangle was completed by Kern Jackson (1953) 
in which the lithologic description$ of the stt'att1graphy 
have some similarities to the rock types of the Kingfield 
area. Jackson described four rock types: (1) garnet~ 
staurolite schist, (2) thinly interbedded Byron schist, 
(3) pyrrhotitic schist, and (4) muscovite-biotite schist-
The old~st rook is the garnet-staurolite schist; the young-
est is the muscovite-biotite schist. The ro,ck descriptions 
of the Rumford quadrangle seem to have markedly similar 
characteristics as those of some Kingfield rocks, and the 
stratigraphie sequence of the rock units does agree with 
that propo·sed for the Kingfield rocks, 
A. detailed study of the geology of the Phillips quad-
rangle was completed by Robert Moench (1954). This area lies 
directly to the west of the Kingfield quadrangle, and they 
both share a mutual boundary--west longitude 70°15', The 
stratigraphic units which Moench mapped and named trend 
northeastward 1n to the Kingfield quadrangle, The names of 
the fotntations in the Phillips quad~angle have been u.sed in 
7 
the Kingfield area with only one exception. The use of the 
term "Rangeley Formation" has been dropped while the "Perry 
Mountain Member" has been elevated by Wolfe (oral communica• 
tion) to the rank of Formation to replace ~he Rangeley- The 
stratigraphy and structural trends in the two quadrangles 
. 
seem to be continuous and consistent with only minor local 
variations. 
The Anson quadrangle directly adjoins Kingfield on the 
east boundary--west longi tude 70°00 1 • Anthony Cariani (1958) 
completed a systematic study of this area. The Kingfield 
structure and stratigraphy trends consistently northeastward 
into the Anson area. Thus, the Kingfield quadrang le is an 
integrating link between the Phillips and the Anson quad-
rangles. If the interpreta~iop of the geologic history of 
the Kingf ield area is correct, then the geologic histories 
of the Phillips, Kingfield• and Anson quadrangles will be 
tied together ~o form a collective interpretation of a large 
area of north central Maine. 
Several other workers have studied the geology of 
near-by areas. Robert Willard {1958) has completed his 
study of the Kennebago Lake quadrangle which 'is located 
about twelve miles northwest of Kingfield, Harold Borns 
(1959) has recently finished a study of the geology of the 
Skowhegan quadrangle, The geology of the northeast quadrant 
of the Farmington quadrangle has been published by Gary Boone 
- - - -- ---~ -- - - --
.' 
I 
: 
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(1954). An aeromagnetic survey of ;he Dead River area was 
made by the u. s. Geological Survey in cooperation with the 
State of Maine in 1951-1952 . Boucot, Harper, and Rhea 
(1959) and Boucot and Griffin (1959) completed some geologic 
studies of localities which lie about twenty-five miles 
northwest of Kingfield. 
A study of glacial lake and g lacial marine clays of 
the Farmington area by Dabney Caldwell (1959) has been pub-
lished. Caldwell carried on some of his investigations in 
the Sandy River valley just south of Strong ; he also sampled 
some clay occurrences i n the southern part of t he Ki ngfield 
quadrangle. In explaining the origin of the Sandy River 
clays Caldwell states that "the Sandy River clays represent 
the unaltered product of the glacial erosion of the nearby 
bedr ock ." Much of this bedrock lies in t he Ki ngfie l d 
quadrangle. 
Physiogr aphic studies have been carried on in near-by 
regions by several workers. Perkins (1930) in describing t he 
evolution of Maine scenery depicted the preglacial drainage 
of north-central Maine and its subsequent modification by 
slow g lacial melting in place. Wolfe and Swarzenski (1953) 
de_scribed the development of erosion Levels in northwestern 
Maine; Swarzenski (1954) also completed an intensive study 
of erosion surfaces of the same area. Antevs (1935) dis-
cussed late Pleistocene changes of level in Maine by tnarking 
/ 10 
the advance of sea level in t he Bingham area·. 
Work in progress 
Several geo logic investigations of quadrangl es in 
north- central Maine are being carried on by Boston Univer-
sity graduate students (see index map ). Ira Furlong has 
completed his research and is assembling his findings on the 
geology of t he Farmington quadrang le which borders the south 
margin of t he Kingfield area. Victor Colombini and Charles 
Osgood have reached the same stage in their studies of the 
Rangeley quadrangl e and the Bingham quadrangle, respec tively. 
Robert Coyle is mapping the Ki ngsbury quadrang l e. 
Andrew Griscom of t he U. s. Geological Survey has 
spent at least t wo field seasons mapping t he geology of t he 
Stratton quadrangle. Geological assistants have aided 
Mr . Griscom in his investigations , The results of t his 
study will probably be published i n the near future by the 
Geological Survey . 
Nature agd scope of the problem ; 
A study of t he geology of the Kingf ield quadrangle is 
important . This quadrangle 1s located in the center of a 
region where several geologic investigations have been com-
pleted. Work has been done on three quadrangl es which ad• 
join the Kingfield area on the east. west, and south~ Thus; 
an understanding of the geology of the quadrangle should 
I 
I 
give a better regional picture by tying in the geology of 
the individual quadrangles.-
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The purpose of this paper is to provide a knowledge of 
the geology of the Kingfield quadrangle. This study in-
volves a treatment of the rocks by consideration of t he 
foll<nving aspectst (1) composition, (2) sequenee• {3) spa-
tial attitude, (4) alteration .• and (.5) surficial modifica-
tion. 'Ihe information gained from an understanding of t he 
effectiveness of each of these fact;ors in the development of 
the geologic features of the quadrangle should describe the 
geologic bJ.stol.")' of t he area. In this TtJay t he geology of 
the Kingfield quadrangle may be better tmderstood. 
Many geologic problems exist in the area. The 11 tho! ... 
ogy, stratigraphy, and structure are subject to interpreta• 
tion by the 'tiJOrker because of a laek of good exposures of 
bedrock. This lack of outcrop , as well as t he heavy forest 
cover and blanketing mantle of glacial debris • hampers t he 
study of all of the rocks .... •metamorph ic and i gneous p An 
understanding of the origin and nature of t he igneous rocks 
wu1d tn itself be an important contribution to the l<nowl ... 
edge of the geology of the entire region~ Thus. a ntnnber of 
problems exist which justify a Study~ 
Since the Kingfield qua,drangle is bounded by others 
~mich have been discussed in the geologia lit~rature, the 
cone1us1one of this study should support or differ 'With the 
I 12 
results of the work in the other areas . The similarities or 
differences between the areas will be noted in this study. 
Method Qf study 
The base map which was used to plot the field mapping 
data was the fifteen minute u. s, Geological Survey topo-
graphic map of the Kingfield quadrangle. Although this area 
was surveyed in 1930, the form and location of the repre-
sented topographic features were quite accurately portrayed. 
The only difficulties which arose in the use of the map were 
directly related to attempts 1n following trails and sec-
ondary roads which have been overgrown or abandoned since 
the compilation of the map. The size of the area, the 
nature of L~e terrain, and the accuracy of the map were all 
i mportant factors which justified t he u se of t his topographic 
sheet as a base map on which the contacts and structure of 
the rocks were plotted. The topographic map was also used 
in showing the distribution of g l acial and alluvial surfi-
cial deposits in the quadrangle. 
In order to aid the study of the geomorphic features 
of the quadrangle, fifty-eight stero paired aerial photo-
graphs were obtained from the u. s. Department of Agr icul• 
ture. The photographs were chosen so that coverage of the 
major drainage areas would be obtained. The information 
acquired from this study and from field work was plotted on 
a separate topographic map. 
I 13 
The pace and compass method of mapping was used almost 
exclusively in the field. The heavy fo~est cover and the 
large area to be mapped justified the use of this technique. 
Some plane table mapping was necessary to measure a large 
stream outcrop in the southeast part of the quadrangle. 
The writer prepared 140 thin sections of selected 
specimens during the winters of 1954 and 1955. The Boston 
University petrographic laboratory equipment was used in 
their preparation. Ruperto Laniz of Stanford Universit y 
made fourteen additional thin sections in the summer of 1959. 
Petrographic study of these sections was carried on by the 
author in the laboratories of Boston University, Climax 
Molybdenum Company, and San Jose State College . A universal 
stage t~as employed in the study of several of the thin 
sections . 
A t otal of thirty•tv~ weeks were spent in the field 
during the summers of 1953, 1954. 1955, and 1958 . A six 
week period was spent under the direct supervision of 
Professor c. w. Wolfe during the Boston University Surmner 
Field Geo logy of 1953. Pr ofessor Wolfe was closely asso-
ciated with the work of the following summers . He aided the 
field mapping program by supplying Student field assistants 
from the Boston University Summer Camp and by following 
t heir activities. Professor R. Batchelder accompanied the 
writer on long traverses on different occasions. 
I 
I 
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II. TOPOGRAPHY AND DRAINAGE 
Cultur~ 
The Kingfield quadrangle is sparsely settled. No town 
with a population of much over a thousand people is located 
in the quadrangle. Strong is the largest with a population 
of 1,036 people. Several smaller towns have populations of 
less than a thousand people: (1) Kingfield with 963, (2) 
New Portland, including North New Portland and East New 
Portland, wi t h 733, and (3) New Vineyard with 447. 
The industrial activities of the quadrang le are di-
rectly related to utilization of a natural resource--the 
forests. About 90 per cent of the quadrangle is forested 
while the other 10 per cent is made up of open fields and 
farmland. The town of Strong , which is located in the south-
western part of the quadrang le, depends on wood- product mills 
for its economic existence. In fact, Strong calls itself 
.. The Toothpick Capital of the World" . Kingfield , located in 
the north part of t he area on the Carrabassett River, relies 
primarily on a wood speciality-products mil l for its 
economic basis. However, during the last few years a re-
surgence of resort activity has developed because one of the 
large sk1 areas of New England, known as Sugarloaf Mountain, 
is located only eighteen miles northwest of Kingfield. The 
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Figure 2. ••Geographical names in the text can be 
~ocate4 on tthe topographic map by reference to a hypothet-
ical grid which divides the quadrangle into ninths• each 
pf which 1fJ further divided into sub.ninths. For example, 
North Fre~ Scho()l (1-.8) is represented by point A on 
~be tlguJt:e. .Si,.milaJ:ly._ North New Portland (3•9) is repre• 
sented by point a. . 
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other lesser town-s share the following characteristics: 
(1) a wood-turning mill or a lumber mill, (2) location at 
road junctions, and (3) a small number of inhabitants . In 
summary, the most important industry of the quadrangle is 
the milling of wood products. Local small scale operations 
log the second- and third-growth timber. As well as supply-
i ng the birch logs which are used in the wood-turning mills, 
these logging operations cut pulp wood for the paper 
industry . 
Relief 
The topography of the quadrang le is characterized by 
moderate relief which can be measured in hundreds of feet. 
The highest point at an elevation of 2,120+ feet occurs on 
t he east slope of Black Nubble (1-1) located in t he north-
west corner of t he area. The New Vineyard Mountains (8- 6 ) 
and Vose Mountain (2-1) closely rival this maximum with 
their respective elevations of 2,109 feet and 2,025 feet . 
The maximum relief of approximately 1,500 feet occurs in t he 
vicinity of Griffin Mountain (8-6). Other areas of marked 
relief occur around Day Mountain (7-7) and Gilman Pond 
Mountain (3-4) whose east slope is almost a thousand feet 
high in places. Many other hills with average reliefs of 
about five hundred feet are common throughout the entire 
quadrangle~ 
The lowest elevation in the ar~a occurs along t he east 
I 
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margin where the Carrabassett River (6-3) exits at an eleva-
tion of approximately 335 feet, Another low point with an 
elevation of 388 feet occurs at the exit point of the Sandy 
River {7-8) at the southwest corner of the quadrangle. 
Gilman Pond (3-4) in the northeast section has an elevation 
of 371 feet . Other extensive low elevation areas of about 
575 feet are located in the valleys of t he West Branch 
(1-8) and Lemon Stream (9-9). 
Drainage 
The drainage basin of the Kennebec River which extends 
from Moosehead Lake to the Atlantic Ocean, a distance of 
about 120 miles, completely encompasses the drainage of the 
Kingfiel d quadrangle. The Carrabassett River and t he Sandy 
River are t he two major streams of the quadrangle; these 
eastward flo"1ing streams unite with the Kennebec in the 
Anson quadrangle. Because all streams in the Kingfie ld 
quadrangle eventually flow into one or the other of these 
two rivers, the quadrangle is divided into two drainage 
basins Which are tributary to t he Kennebec River. The 
drainage divide between the Carrabassett and Sandy rivers 
can be traced through the quadrangle and is indicated on the 
geomorphology map. 
The Carrabassett River (1-3) enters the quadrangle at 
its north edge at an elevation of about 630 feet and flows 
southeast for about fourteen miles before it exits at the 
I 
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east edge at an elevation of 335 feet. The average gradient 
for its course in the quadrangle is approximately twenty-one 
feet per mile.. The river has two sets of cascades in its 
channel--one at Kingfield (2-4) and one at East New Portland 
(6·3). Concrete dams, which utilize the bedrock outcrops 
for firm foundations, have been built at both locations, At 
Kingfield the water flowing over the dam drops about five 
feet, while at East New Portland t he da~ is about fifteen 
·· feet high. 
The Sandy River flows southeastward through t he quad-
rangle for a distance of about five miles . It enters at an 
elevation of about 455 feet and leaves at 388 feet . The 
average descent in t his small section of t he stream's course 
is about sixteen feet per mile. The stream has formed a 
number of alluvial terraces which have been utilized by the 
inhabitants as farmland because of the fertility and ease 
with which they can be cultivated as compared to the sur-
rounding drift-mantled land. The alluvial terraces of the 
Carrabassett River in the vicinity of Kingfield are sim-
ilarly utilized~ 
Gilman Stream (3- 8), the outlet for Gilman Pond , flows 
only a short distance of about four miles before it joins 
t he Carrabassett River . During its course the stream drops 
only about 20 feet in elevation, and most of this occurs at 
a cascades in North N~1 Portland (3-9). A small concrete 
I 
dam has been located on the cascades; the water power de-
rived from the d~~ has been utilized by an adjacent wood 
mill. 
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The West Branch (2-l) ent ers the Kingfield quadrangle 
at the western margin which is common to the Phillips quad-
rangle. From an elevation of about 775 feet at this point 
it flows northeast for a distance of six miles to join the 
Carrabassett River in Kingf ield at an elevation close to 550 
feet . Over this portion of the stream's course it descends 
an aver age of thirty-eight feet per mile. The West Branch 
is a misfit river because it appears to be underftt--.a small 
stream i n a large valley, Moench (1954, p. 14) believes 
that the Sandy River beheaded the West Branch near Phillips 
and t hat the present small size of the West Branch is due to 
t he decrease in the size of its headwater drainage basin. 
His conclusions seem to be justified by evidences of capture 
i n the Phillips quadrangl e and are also supported by phenom-
ena which occur in the Kingfield quadrangle. A study of 
aerial photographs reveals that the present small stream has 
cut a narrow c~annel through morainal and kame terrace de-
posits near the western mar gin of the quadrangle. Since t he 
end of glaciation, this stream has been flowing across an 
outwash plain which extends to Kingfield and yet has only 
partially dissected and terraced the easily erodible glacio-
fluvial sand and gravel deposits. The stream that formed 
/ 
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the valley of late maturity must have been capable of much 
more erosion and planation than the present West Branch. 
Capture of the headwater drainage of the West Branch by the 
Sandy River would explain the decrease of the erosive power 
of the West Branch. 
The stream course of Gilkey Brook (5-4) has an in-
teresting appearance because it flows almo st due west in its 
lower channel while its headwater channel trends southeast 
down the slope of Freeman Hill. The change in the direction 
of t he stream channel is so abrupt that it indicates an ab-
normal stage in t he history of t he stream's evolution. 
Stream piracy may have occurred. The elbow of capture would 
be at t he abrupt change in the drainage direction. Before 
capture the upper channel probabl y drai11ed sout heast'\vard to-
ward Gammon Pond in the drainage basin of t he Carrabassett 
River. 
Two other streams have especially interesting char-
acteristics. Clark Brook (3-7) flows southeastward for 
about three miles before it abruptly changes direction and 
flows northward. This directional change in the channel of 
the stream is located at t he contact of the wash plain 
material and t he drift-mantled slope of Millay Hill . Thus, 
it appears that Clark Brook flows initially down the slope 
of the valley until it meets the glacio-fluvial deposits 
which block and divert the stream so that it flows northward. 
I 
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Clark Brook exhibits all the characteristics of a deranged 
stream that results from recent glaciation of the region. 
There seems to be a complete lack of structural and bedrock 
control. McLeary Brook (7-5) is eroding its channel in a 
headward direction so that soon it will cut back into Porter 
Lake, thereby capturing and diverting local drainage into 
the Sandy River. 
The quadrangle has a "complex" drainage pattern. 
Thornbury (1957, p. 123-124) refers to this type of drainage 
pattern as one in which several variations between the com-
ponent parts exist4 Because the quadrangl e has a 11grain" in 
the topography in which t he ridges tend to be elongate in a 
northeast-sou thwest direc tion and separated by long , roughly 
parallel valleys , the drainage pattern shows the rect~~gular 
form. Both the main streams--the Carrabassett and Sandy 
rivers--and their tributaries have some right-angled bends . 
These may reflec t control exerted by joint sets or faults as 
well as differential erosion along the folded beds. This 
rectangular drainage pattern developed before g laciation; 
the large streams reestablished their channels in these 
valleys after g laciation. Many of the tributary streams 
have developed dendritic or deranged drainage patterns in 
the interstream areas. These streams probably began to flow 
on drift deposits during and after glaciation. The drainage 
of these streams is related to the initial consequent slopes 
I 
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on the drift rather than to structural or bedrock controls. 
Thus.- the quadrangle has a comp lex drainage pattern consist• 
ing of a rectangular pattern with dendritic and deranged 
patterns developed in a number of interstream and tributary 
areas. 
Topgsraphv 
The Kingfield quadrangle oontains the boundary between 
the New England Upland section and the White Mountain . sec-
tion of the New England ·Physlographic Province. Fenneman 
(1938, p. 346) places the boundary line at the generalized 
contour line of 1,500 feet . With this as the criterion only 
a small part of the quadrangle can be placed in the White 
t40untain section. The mountains along the northern margin 
of the quadrangle a."ld the New Vineyard 1-'lountains (8-6) can 
be placed in this section because their peaks are higher 
than the 1,500 foot contour line. The boundary line passes 
through the quadrangle in the fonn of an nsu which is slightly 
tilted to the ~~rthwestw The highland area included in the 
Whi te Mountain section lies to the west of the sinuous 
boundary with the New England section, The dominant topo-
graphic features of the quadrangle compare very favorably 
with Fenneman 1 $ (1938, p, 345) description of the White 
Mountain section as consisting largely of residual mountains 
invaded by th~ ·plateau surfac-e as st't'ips along t he streams. 
The present topograp~y of the ,quadrangle is the result 
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of modifications by Pleistocene glaciation imposed on a 
la~dscape which had reached the late maturity stage of de• 
velopment in the geomorphic cycle, Cross pr ofiles of the 
major stream valleys ar e generally concave ; no doubt glac i a l 
scouring accentuated this characteristic. Some of the 
streams in t hese valleys have small waterfalls or cascades. 
The resistant beds that form these channel outcrops act as 
t emporary base levels . Normally graded streams would hav e 
elimi nated t hese obstruc tions in t he l ate maturi t y stage . 
After g laciation t he regional streams b~gan flowing over 
glacial deposits \vhich had been dropped in t heir valleys. 
Thes e stre·ams were unable to locat e their forw~r graded 
chru1nels, and as . they continued dotvncu tting through the 
glacial material t hey encountered the resistant beds in t he 
new channels, In this way the streams were superposed. 
The ~idges, hills, and mountains of the landscape have 
smooth s l opes and rounded tops. Most of t he higher hi l l t ops 
have bare, polished surfaces with g lacial striations and 
grooves. Thin till deposits generally cover the bedrock on 
the north\~est flanks of t he hills and ·ridges so t hat out-
crops are relatively scarce or in poor exposure. The south-
east flanks have such thick till deposits that outcrops are 
' • 
usually missing- At t he bases of the hills the drift cover 
is so thick that outcrops are usual ly found only at road 
cuts or where the streams have eroded down to the bedrock. 
I 
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The southern flanks of the higher hills and mountains 
frequently show the ·typical leeward slopes of glaciated 
positive relief features. EKtensive steps have been devel-
oped by the plucking action of the over-riding ice, These 
steps are best formed on the southeast slope of Vose 
Mountain (2·1). Day Mountain (7•7)• and the New Vineyard 
Mountains (8-6) where large blocks of well•bedded and 
jointed quartzite have been removed. The steepest slopes in 
the quadrangle are consistently found on the southeast faces 
of the hills and mountains. The general northwest-southeast 
alignment of glacial striae, grooves, and depositional fea-
tures indicate that the last movement of the Pleistocene ice 
in the quadrangle coincides with t he directions of flow of 
the Laurentide Ice Sheet as determined by regional studies 
(Flint, 1957 1 p. 314·315). In this part of Maine the aver-
age direction of the last ice movement is about S 30 E. 
Igneous and metasedimentary rocks make up the bedrock 
of the quadrangle.. Although Vose (2-1) and Gilman Pond 
(3-4) mountains, two of the highest. are composed of igneous 
rock, the majority of the high peaks are constituted of 
massive quart~ites interbedded with schists, phyllites, and 
slates~ The ubiquity of the quartzites at the tops of hills 
indicates that they exert strong topographic control in th~ 
development of positive relief features, When outcrops are 
found in the large valleys, they are usually composed of 
.· 
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calcareous or schistose rocks, 
Lexington Flats (3·1) is completely surrounded by 
igneous rock that probably extends under the glacio-fluvial 
deposits of t he valley floor. It is interesting to note 
that when outcrops are found in or adjacent to the valley 
floor, they consist of fine-grained, equigranular granitic 
rock. Almost paradoxically, coarse-grained, equigranular or 
porphyritic granitic rocks form some of the highest moun• 
tains. A correlation apparently exists between the texture 
of the i gneous rock and the kind of geomorphic landform that 
develops on the rock. This will be more completely discussed 
in the section on geomorphology . 
Several terrace levels are developed in the quad-
rangle. The levels, all of which are not equally developed, 
occur at the fo llowing elevations: 600, 900, 1, 000 , and 
1,100-1,200 feet . The 900 foot surface is the most exten• 
sive level . Although the 1,000 and 1,100-1,200 foot levels 
are rather well-developed, the 600 foot surface is not . The 
presence of these terrace levels may indicate periods of 
regional stability and attendant stream erosion that alter-
nated with periods of regional uplift and concomitant stream 
rejuvenation. 
The quadrangle has topographic ngrain". The northeast 
trend of the ridges and elongate hills is well-developed. A 
study of the geologic map reveals that these linear 
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topographic features are formed on the metasedimentary rocks 
and not in, or adjacent to, the outcrop area of the igneous 
rocks. In m0st instances the strikes of the nearly vertical 
bedding and schistosity closely parallel the northeast trend 
of the ridges or linear hills and mountains. The hills 
which are developed in the i gneous mass generally have 
trends in a north or northwest direction. Some of the hills 
which are developed in t he metamorphic rocks adjacent to the 
i gneous contact also have t h is same general trend--northwest. 
The marked correspondence between the trends of the ridges 
and t he strikes of t he metasedi mentary beds suggests t hat 
there is a correlation between these phenomena, This is i n 
close agreement with current geomorphic theory because 
Thornbury (1957, p. 17) states t hat 11 geologic structure is a 
domi nant cont ro l factor in t h e evo l u tion of l and forms and 
is reflected i n them. " 
The different trends of the hills i n t he massive 
pluton can be explained by the different orientation of 
struc t ural controls. These structural controls may be well-
developed joint sets that t rend north and northwest . The 
hills which are developed in t he metamorphic rocks adjacent 
t o the i gneous contact have formed on beds whose attitudes 
may have been disrupted by t he intrusion of the pluton with 
t he result that the beds are not in alignment with the 
regional trend of metan1orphic rocks. In conclusion, the 
I 
topographic 11grain" of t h e quadrang le is a good exa..-nple of 
how rock structure affects the characteristics of land 
forms, 
/ 
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III. LITHOLOGY AND STRATIGRAPHY 
introduction 
The sedimentary -rocks of the quadrangle can be tenta• 
tively divided into four formations consisting of a variety 
of r~ck types and probably totaling over 15,000 feet in 
thickness. All these rocks have been subjected to varying 
degrees of metamorphism with the general effect of a 
coarsening of texture by t:ecrystallization of the mineral 
constituents, as well as the development of new minerals. 
The area abounds with stratigraphic pr oblems. The age 
of the roeks cannot be determined with certainty, although 
tenuous correlations can be made with nearby areas composed 
of rocks which, in tum, are o.nly approximately dated by 
rather scant paleontological data. The fact that not a 
single fossil was found in the Kingfield quadrangle required 
the use of a rather dubious t echnique of age dating of the 
strata••the correlation of lithological similarities in 
widely separated areas in a metamorphic terrane. Although 
this technique is replete with possibilities for error , at 
present no better technique exists. 
Other workers have contributed much to the general 
knowledge of the stratigraphy of northwestern Maine. Wolfe 
has studied the rocks of at least seven quadrangles in this 
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part of Maine during t he last ten years. Mo.ench (1954) has 
determined the stratigraphy in the area directly west of the 
Kingfield quadrangle, w~ereas Cariani (1958) has finished a 
study of the area directly to the east, Their eonclusions 
have heen generally substantiated and correlated by this 
study of the Kingfield area. 
Within the area mappe4. determination of the strati• 
graphic sequence was primarily based on t he areal distribu-
tion of similar lithologi c sequences. Graded bedding, when 
it could be found, was utilized i n determining the succes-
sion of beds, Intel~retations of bedding- cl eavage relations 
were used guardedly because, commonly, t he difference between 
their trends was so small that it was ve~J difficult to get 
accurate bearings of the trends. especially in outcr ops vnth 
. 
poor vertical exposures~ In a great number of outcrops t he 
bedding and cleavage were parallel in their trends~ Another 
factor which tended to cast some doubt on the validity of 
these interpretations of the structural features was the 
conflicting indications of stratigraphic sequences, as seen 
in a few outcrops , with both graded-bedding a~d bedding-
cleavage relations i n nearly vertical strata. Interpreta-
tion of well-developed graded .. bedding in these instances in-
dicated t hat t he beds \vere "younging'* in a certain direc· 
tion, whereas the bedding-cleavage relations indicated the 
opposite direction. Small scale cross~bedding was noted 1n 
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only a few sporadic exposures. Minor fQlds were used in 
stratigraphic interpretations in local areas, but their use-
fulness was of rather questionable value in the interpreta-
tion of major structures beciD~se of th~ir limited exposure 
in widely spaced out crops, 
Probably the most conclusive result of the field 
studies in t his area is t hat similar lithologic units per-
sist for l ong dist~aces along the regional trend of the 
strata 1n northwestern Maine. During reconnaissance trav-
erses i n sever a l quadrangl es--Dixfield, Rangel ey , Phillips, 
Stratton~ Little Bigelow tfuun tain, Farming t on, Anson, and 
Bingham--the writer has noted rocks with gross lithologic 
characteristics vihich are very similar to those that cota-
prise the Kingfiel d area. Rock t ypes that ~~tend directly 
across the Phillips qua~r&1gle can be traced nearly t hree 
fourt hs of t he way across the Kingfield area. Si n i larlyt 
thes e r elationshi ps between t he r ock types exist in t he 
Kingfield and Anson quadrangl es • 
• 
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TABLE 1 
STRATIGRAPHY OF KINGFIELD QUADRANGLE 
Silurian 
Madrid Formation (l.ooo•-6,000+') 
Parmachenee 
Formation 
(500'-2,000 ') 
Perry I-toun t ain 
Formation (2,ooo•.4,ooo•} 
Ordovician? Lost Brook 
Formation 
<~.000+') 
Gray to dark gray slates with 
thin bi.otttte qu.ar~zites. 
Massive gray biot!tic quartz-
ites and gray sla~ schists 
with calcite and (or) 
sidettite. Some dissen1inated 
pyrite cubes. Calcareous 
pods in some quartz:J.te .. 
Thick green-violet micaceous 
quartzites and schists with 
calc•·Silicate pods as 
metamorphism i11creases . 
Thin light gray arenaceous 
i n terbeds of two-mica schists 
and biotitic quartzites. 
Gamet and pseudomorphic 
staurolite common. 
Thin-bedded black slat y 
schists with thick dark gray 
quartzites inter bedded. Some 
calc~silioate and thin black 
limestone beds near the t.op. 
Rpcks rich in pyrite and (or) 
pyrrhotite. 
Thin silvery-gray schists 
closely interbedded vath thin 
arenaceous quartzites. 
Chlorite-sericite-andalusite 
assemblage common in schists. 
B~uish.gray to dark gray non• 
bedded phyllite or schist 
•nth porphyroblastic chlorite 
aggregates and pseudomorphic 
staurolite and chiasto11te. 
Lack~ bedding, calcite, and 
sulfide mtn.erals., 
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T'ne k>st Brook Fotmation 
G~~ril des~Ftntipn 
lhe Lost Brook Formation is exposed in ehe northwest-
ern part of the quadrangle. The rocks are composed of 
bluish-gray to dark gray no~·b~dded phy11ite ~r schist ~nth 
disseminated porphyroblast1c chlorite aggregates. Quartz, 
muscovite-sericite, biotite, and oht.orit:e make up the matrix 
of the slightly phyll1tic rock with an average grain size of 
l ess than 0,1 mm. A higher gt'ade of metamorphism produces a 
schist 'tvith similar matrix minerals 'Which are sl i ghtly in• 
creased in size- Disseminated green chlori te aggregates 
which average 1 mm. in diameter commonly impart a spotted 
appearance to the rock, 
Weathered surfaces which cut across the foliation 
trends of the outcrops are usually light gray in color and 
oharaoteri$tically exhibit elongate voids· averaging about 
1 mm. in length, The voids are due to the weathering of the 
chlorite aggregates. These elonga~e pits are g~1erally 
aligned parallel to the foliation. PseudomQrphic por-
phyroblasts are etched into slight relief on weathered sur• 
faees. The large prismatic ps~domorphs of,muscovite af ter 
andalusite lie within foliation planes but they have no 
linear orientation. Some of the pseudomorphic crystals are 
up to 7 inches long and 3/8 inches ~vide (Figure 3). 
Rand specimens of some of the . phyllites have knotty 
Figure 3.-.. A weathered' foliation surfacGl! containing large 
ps-eudomorphic andalusite erys·tals uno1:ienterl within foliation planes 
1n the non-bedded schists of the Lost 13'r o,Jk f-ormation. The outcrop 
is located in the :..:a:rrabassett River 2 .. 5 miles north of Kingfield. 
LV 
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surfaces \>Jhich are caused by the presence of unaltered 
reddish-brown prismatic staurolite crystals • . The staurolites 
are m1oriented and trm1seot the foliat ion . n1ese crystals 
are occasionally twinned. Tourmaline· and magnetite are 
disseminated as accessory minerals in the staurolite ... bearing 
rocks-. 
Rocks of this formation which are close to the contact 
zone of the pluton have a more schistose texture as a result 
of high- grade metamorphism. Unoriented pseudomorphs of 
muscovite after andalusite are more common but smal ler in 
size than the andalusite crystals in the mediu~-grade 
metamorphic zones, Although staurolite crystals are not 
found in t hes e rocks~ chlorite aggregates are present. 
Small ptygmatic veins of ~mite quartz are very common in 
these rocks, Irregular \~ite quartz pods, averaging about 
24 inches in diameter . are sporadically disseminated in the 
outcrops. Zones in the phyllite and schist \vhich are adja-
cent to the margins of these quartz pods have concentrations 
of large unaltered euhedral chiastolite crystals. Tourma-
line and biotite are also concentrated in lesser amounts. 
Recently exposed su rfaces and water-polish ed surfaces 
of the rocks of the Lost Brook Formation are light bluish-
gray i n color. Many of t he uncovered outerops exhibit very 
smooth glacially polished surfaces with ~1ell-developed 
glacial striations, Occasionally, glacial grooves are 
I 
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visible. No crossed striations are noted. 
The most aooessible outcrops of the Lost Brook Forma-
tton are exposed in the banks of the Carrabassett River 
(1-3) about 2.5 miles no~th o£ the town of Kingfield. These 
> 
outcrops are water .. polished and clean so that aharaoteris ... 
tics of the structure and rocks are readily seen. Large 
glac1ally.-polished outcrops of this formation are located on 
the hills which are about one mile southeast of Tufts Pond 
(1-2). Outcrops are not found in a large area near Alder 
Brook (1-5) because till deposits effectively cover the 
bedrock. 
Petroz,raohy 
The modes listed in Table 2 are the result of thin 
section study of fine-grained schists with a well-developed 
foliation . The schists are medium- to dark-gray, commonly 
showing a high luster because of the micas present. Some of 
the schistosity surfaces are stat.ned a light reddish•brown 
color-. The kinds of schist are chlorite, b1otite-andalusite, 
and biotite-staurolite-andalusite, all containing quartz and 
' 
mica as their chief minerals.. Parallel orientation of the 
micas and some porphyroblasts i mpart the schistosity to t he 
rocks~ 
Thin section study of t hese s~hists shows quartz• 
muscovite-sericite, biotite. and penninite as the predominant 
minerals. Other minerals occurring in significant amounts 
I 
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TABLE 2 
- MODES OF THE LOST BROOK FORMATION 
. K • 108 293 313 328 
...J 
Quartz 41 • 
' 
• 40 3.5 25 30 
Muscovite • • } } 35 50 Sericite • • . 15 37 
Biotite • • • 20 33 20 
Cl'llorite • • • Tr 3 20 6 
Andal.usite • • Ps* 2 3 
Staurolite • • 10 
Magnetite • • 2 3 2 
Tourmaline • • 4 2 2 
Zircon • • • • Tr Tr 
Rutile • • • • Tr 
*Pseudomorph 
are andalusite, staurolite, tourmaline, and magnet!te. 
Traces of zircon, rutile, and hematite are found. 
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Spectmen K·293 (Figure 4) represents the biotite-
andalusite-staurolite schist. The very fine-grained matrix 
is composed of an intimate association of elongate grains of 
quartz and shreds of biotite and sericite, all of which are 
in subparallel . alignrnent. Flakes of biotite are also 
oriented and. concentrated into vaguely defined bands. Stau• 
rolite is commonly disseminated as unoriented euhedral 
porphyroblasts which are poikiloblastic with quartz. These 
crystal~, with . average dimensions of 0.6 mm. by 0.5 mm,, are 
oriented parallel to the schistosity as well as transverse 
to it. The schistosity wraps around those crystals with 
transverse orientations. Rotation of some staurolite 
crystals is suggested by trains of quartz inclusions which 
are transverse . to the schistosity • whereas many quartz 
trains in other porphyroblasts are aligned parallel to the 
schistosity of the matrix. Of course, the staurolite 
crystals may have originally crystallized in these trans-
verse positions and thereby controlled the orientation of 
the quartz inclusions. Some remnants of unaltered andalu• 
site persist as irregular c_ores of potphyroblasts largely 
replaced by sericite and ehlorite as a result of retrograde 
metamorphism. Pennini te, as evidenced by its anomalous 
t'Berlin blue" interference color, occurs as tabular crystals 
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Figur-e 4.-.... Andalusi.te-staurolite-biotite schist,. Lost Brook Formation. K-293. 
Unorlented porphyroblasts of staurolite (light gray to black, diamond and rectangular 
outlines) and andalusite (light gray, irregula~ spongy mass ) and oriented biotite (black, 
irregular shred.s and flakes) are dis-seminated in a fine-grained matri.x of quartz with 
some .sericite and magnetite . Perminite is pr-es·ent in small amounts as tabular cryseals 
and replacements of biotite. Staurolite is poikiloblastic with quartz inclusions and a 
diamond-shaped crystal has biotite as a fracture-filling . The large irregular mass is an 
incipient porphyroblast of andalusite with unit extinc tion . Cross nicols, X25. w \0 
\ 
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generally lying lengthwise in the s~istosity, and only 
occasionally across it. Magnetite is present as small rod-
like masses, about 0.01 mm. long, Which are dissa~inated 
throughout the ~atrix and oriented parallel to the 
schistosity. 
Specimens K-108 and K-328 are quite similar mineralogi-
cally in that they are composed of andalusite pseudomorphs 
set in a matrix of biotite, sericite• and quartz. The 
andalusite cry-s-tals, which make up about 25 per cent of each 
thin section, are largely replaced by sericite or by 
unoriented tabular crystals of muscovite. In specimen K-328 
small amounts of andalusite remain as irregular cores sur-
rounded by sericite masses . Disseminated biotite occurs as 
either oriented tabular crystals or ragged flakes which wrap 
around the pseudomorphs of andalusite. Fenninite partially 
replaces some biotite. Olive~green tourmaline crystals, 
averaging 0.03 mm. in length, are disseminated throughout 
the matrix but are especially concentrated in sheafs of 
biotite. 
The chlorite schist• as represented by specimen K-313, 
is dominantly composed of a fine-grained schistose matrix of 
aligned elongate quartz grains and muscovite-sericite 
fibers. Penninit-e is present as irregular flakes and elon-
gate aggregates composed of tabular crystals. The aggre• 
gates are generally in parallel alignment with the 
schistosity of the matrix. A few aggregates distort the 
schistosity. Small or~ented prismatic toul.'maline crystals 
and magneti~e rods ~e dis~eninated. 
Comparison with type lopality 
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The type locality for what fuay be the oldest rock in 
the region--the Lost Brook Shale-•is in the Cupsuptic 
quadrangle. This shale crops out also in the Rangeley, 
Phillips, and Kennebago Lake quadrangles, A roadside expo• 
sure of this rock type is located on Route 4 just southeast 
of the Sandy River Ponds in t he Rangeley quadrangle. 
Although Wolf~ __ Moench, and Willard have mapped this unit, 
the first written description was by Moench (1954, p. 27-
29) .. 
The fonnation in the Cupsuptic quadrangle, according 
to Wolfe (oral communication), is predominantly composed of 
a dark to medium gray 1 argillaceous. non-bedded rock. A 
"healed cleavage" is developed in a phyllite, and it is 
approximately at right angles to the principal cleavage. 
Because the bottom has not been seen, the thickness of the 
formation is unknown. The contact between the Lost Brook 
Formation and the Perry Mountain Formation is sharply grada-
tional. Although no fossils have yet been found, Wolfe 
(oral communication) suggests a possible age ranging from 
·tate Ordovician to Middle Silurian. 
In the Phillips quadrangle Moench (1954 .• p. 21 .. 29) has 
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found rocks composed of medium gray slate with disseminated 
spots of mieaceous aggregates. The non-bedded unmetamor ... 
phosed and low-grade metamo~phic . roeks are of pelitic grain 
size and composed of clay, ser~cite, quartz, and chlorite. 
A massive non ... bedded homfels i slroduced by contact meta-
morphism, The outcrops of ehis st Brook Fol."\1\ation are 
) 
distributed on the southeast end o£ Mount Abraham in the 
northeastern part of the Phillips quadrangle, 
This £ormation is represented in the Kingfield quad· 
rangle by medium gray, fine.grained non-bedded phyllite and 
schist composed of quartz and micas with porphyroblasts of 
staurolite, andalusite. biotite, and chlorite- Neither 
calcareous minerals nor sulfide minerals were noted in these 
rocks. 
Low•grade metamorphic rocks Which occur near Rapid 
Stream (l-4~re represented by phyllites which are composed 
of quartz and sericite wi~h disseminated small aggregates of 
chlorite. An increase in the metamorphic grade is indicated 
by a slight inereas~ in grain si~e aa well as the develop• 
ment of staurolite and b1ot1te pox-phyroblasts 1n a quartz 
and sericite matrix. Small amounts of andalusite and chlo• 
rite also occur in these schists. The presence of large 
amounts of andalusite and b1oti te porphyroblasts and the 
l ack of staurolite t.ndieate a higher grade of metamorphism 
in the rooks of the Carrabassett River a~ea. t~regular 
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quartz pods and ptygmatic quartz veins are common in these 
rocks with well-developed foliation. 
The bottom of the formation is not seen in the quad-
rangle. The schists of the upper part o£ t~is formation 
grade very sharply into thin• well--bedded schist and quartz-
ite of the overlying formation. Even though the rocks are 
apparently infolded• and despite the fact that no continuous 
-----section of this formation was found; the wri~er suggests a 
thickness of at least 1,000 feet for the Lost Brook Forma-
tion in the Kingfield quadrangle. 
The Perry Mountain Formation 
G§Deral desxriPtion 
As a result of a study of the geology of the Phillips 
quadrangle, Moench (1954, p. 27) described a sequence of 
conglomerate and interbedded quartzite and shale Which he 
named the Rangeley Formation. ae divided this formation 
into two members .... the Rangeley Conglomerate and the Perry 
Mountain. Although the thickness of the P~rry Mountain 
Member in th~illips quadrangle varies from zero feet to 
400 feet, later field studies by Wolfe (oral communication) 
throughout this region of Maine indicated that this unit is 
of formational extent~ Rocks with gross lithologic oha~­
acteristi~s ~~ich are similar to those of the Perry Mountain 
Member have been noted in the Kingf~eld quadrangle, The 
I 
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areal distribution of exposures of this rook support Wolfe's 
conclusion, and for that reason the. Perry Mountain Member 
has been changed to the Perry Mountain Fo'tmation 1n this 
study • . 
The formation is exposed in sporadic outcrops in the 
north'tv-estem part of the que!ldra:ngl e. Much of the formation 
is covered by glacial and alluvial deposits, as for example, 
~ 
on the northwestern side of the valley of the West Branch 
(1-5) . Outcrops are more abUlldant on the hilltops of higher 
elevations, on the southwestern &lopes of Vose Mountain 
(2·1). and in the banks of the Carrabassett River about 2 
miles north of the town of Kingfield . 
The rocks of this format ion are composed of well-bedded 
quartzite and schist. The gray• arenaceous quartzite beds 
average abQut 6 inches in thickness but some occasionally 
range up to 5 feet in thickness, Light gray, argillaceous 
schists are predominant in the rocks of the Perry Mountain 
Formation in this quadrangle. Though the thickness of the 
schist beds averages less t~ one inch, their aggregate 
thickness constitutes the majoxo rock type. The repetition 
and the thinness of the beds. Which impart a varved appear-
ance to the outcrop,, indicate that the original sedimentary 
material was deposited under oyolical conditions (Figure 5). 
Graded-bedding 1n the quartzites is evidenced by the fact 
that the bottom, arenaceous zones of the beds are differen~ 
I 
Figure 5 ··•Contn.~t met~;Unorphosed chiasto-
lite schists Md quartzites of the Perry Nountain 
FormGt1on 1n a Carrabasset~ River expo~e. 2.5 
miles north of :<tngfield. Quartz•fillod fractures 
deform the foliation. Dark irregular masses are 
t~ter•filled depreas~ons . 
. f 
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tially etched into gr eater r elief by ero s ion than the upper, 
less arenaceous zones (Figure 6) . Relic t graded-bedding is 
very commonly evidenced by the development of greater con• 
cent rations of andalusite porphyroblasts in the upper, 
argill aceous portions of the beds than in the lower. 
arenaceous zones . No cross·bedding is seen. 
!' ' 
Regularly•spaced fractures filled with whit~ quartz 
are common and generally restricted in development to the 
---quartzite beds (Figure 5)! The equal spacing and lenticular 
outline of t hese quartz fillings Which are normal to t he 
bedding impart to the outcrops a structure \~ich is sLmilar 
in appearance to "ladder veins" . A few quartz pods with 
irregular shapes and averaging one foot in diameter are dis-
persed in the schist. The margins of these pods are zones 
in which unaltered chiastolite porphyroblasts are locally 
concentrated (Figure 7). 
In weathered outcrops the quartzites are light gray in 
color, whereas t he schists are a darker gray. In outcrops 
with fresh surfaces the quartzite beds have a dull gray 
color, and the schists are medium to dark gray. The folia-
tion surfaces of the schists have a bright metallic sheen 
and a crinkled appearance. These surfaces commonly show 
long pseudomorphic crystals of muscovite after andalusite 
lying in a criss-cross arrangement in the plane of the folia-
tion (Fi gure 3) . Also, locally some quartzite beds are dark 
... , 
Figure 6 ...... -r;oo l ded, f aulted, and drag~ed quartzit-es and 
seh1sts in an exposure of t he 1' ercy 41ountain lforrr'.ntion i n t.lote Little 
lli gelon Houn·tai.n. quadran~lc, 3. 6 niles llort h of the tot-m of Ki ngfi eld 
along Route 16. Graded neckline and quartz- filled t ension fraetur.es 
:aTe evident in the <'fUilrtzi t:.es . A sinuous fault p l ano ancl curve!d 
quart zitea tndi.cata r1r.ht• lt!t:ernl displacomm1t. +'"-
-.....! 
figure 7.--An irregular quartz pod ln chiastolite schist of 
the Perry Mountain Formati or, in a Carrabassett River exposure about 
2 . 5 miles north of Ki ngfield . Chiastolite, tourmaline., and bio tite 
are concentrat ed in an irregular zone surrounding the quartz pod. 
Foliation is distorted in the vicinity of the quartz pod. \ 
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gray because of the disseminated presence of abnormal amounts 
of very small, dark brown, prismatic tourmaline crystals. 
fetmgrapl)v 
Table 3 is a compilation of the modes of 14 thin sec~ 
tions of schist and quartzite of the Perry Mountain Forma-
tion. The quartzites are dark gray and have a slight sheen 
on foliation surfaces which is caused by the presence of 
aligned flakes of sericite and chlorite. The fine•grained 
schists are a medium- to dark-gray metallic color and 
commonly are banded. The crenulated bands are composed of 
alternating layers rich in chlorite-sericite and biotite-
sericite_ The kinds of schist are chlorite, cl:l.!-orite .. 
andalusite, chlorite-andalusi te-garnet, chlorite-biotite, 
and biotite-andalusite-garnet, all containing quartz and 
sericite-muscovite as their chief minerals. Tourmaline is 
present in almost all of the schists, whereas magnetite is 
disseminated in all of them. 
Microscopic sections of the rocks of the Ferry 
Mountain Formation show quartz, sericite, chlorite, and bio• 
tite as the predominant minerals. Altered and unaltered 
andalusite occur in significant amounts. Small amounts of 
tourmaline, magnetite, garnet; hematite; ilmenite, and 
zircon are present. 
Quartz occurs as clear, unstrained, elongate grains 
which average less than Olt 1 mm. 1n length and are generally 
I 
TABLE 3 
..1 
MODES OF THE PERRY MOUNTAIN FORMATION 
K .. . 97 112 127aa 138 141 28'0 296 317 320 3:22 
, 
Quartz . ..... 90 5 35 40 45 40 55 50 65 35 
Muscovite • • 11 } 39 10 }30 5 }35 Serici.te • • • }lo }at 18 14 8 }35 Chlorite • • • 25 4 25 14 25 24 
B1oti~e • • • 30 25 10 
Andalusi t:e • • Ps*- Ps 19 1 15 5 
Magnatite • • Tr 1 1 Tr 1 1 2 3 2 Tr 
Ga-rnet • • .. .. Tr 1 Tr 
Zircon • • • - \ Tr Tr Tr Tr Tr 
Tourmaline • • Tr 2 1 Tr ,, Tr 3 3 Tr 
-
Plagioclase • tr? 
S1111manite • Tr 
Hematite • • .. 
Ilmenite ••• 
------- ---------------- -------- ------- -
*Pseudomorph 
\ 
323 325 
30 30 
}40 50 
16 15 
10 
Ps 
3 4 
Tr 
1 1 
326 
40 
20 
5 
3 
Ps 
2 
30 
386 
40 
30 
20 
2 
4· 
1 
l 
Tr 
l 
1 
Ul 
0 
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in subparallel alignment with the marked schistosity ~hat is 
imparted to the sections by parallel sericite fibers and 
shreds. Although muscovite is present 1n m.any sections as 
irregular plates and fascicular. shreddy aggregates parallel 
to the schtstosity, tiny shreds of sericite are present 1n 
greater quantities in the matri~, as well as in the andalu• 
site porphyrQblastzs as a replaeement mineraL. Musaovice is 
occasionally pres~nt as lar$e-, ragged, unoriented flakes and 
books which fonn plumose aggregates in ¢Omp1etely replaced 
andalusite porphyroblasts. The schistosity wraps around 
these aggregates. Chlorite is common in almost all sections 
as shreds parallel to the schistosity and as tabular por• 
phyroblasts which may or may not be orie~~ed to the 
schistosity~ Chlorite oomm<:>nly replaces biotite. Because 
most of the chlorite has the anomalous "Berlin blue" extinc ... 
tion color, the variety is penninite, In t~;o sections taken 
from Vose Mountain c.lose to the pluton contact (2-1)~ the 
chlorite, which occurs as fascicular clump s and shreddy 
aggregates, does not have the anomalous color. Biotite is 
present in a few sections as light b~wn, pleochroic oval or 
irregular flakes, tabular books, and crystals which are fre• 
quently para~lel to the banding 1t1 the rook. In most sec• 
tions the biotite is e~ear~ a1though tn a few,_ the btotite 
has haloes surrounding ' zircon crystals. The very pal$ b~own 
color of som-e of the flakes suggests that .phlogop1te ma.y be 
I 
occasionally present. A small amount of the biotite is 
secondary and associated with cross-cutting quartz veins. 
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Many sections contain large porphyroblaats of andalu• 
site which are in various stages of replacement by sericite 
and muscovite. These pseudomorphic crystals make up an 
appreciable part of some of the schists. Cross sections are 
visible in Which carbonaceous inclusions show the typical 
geometrical arrangement of the chiastolite variety. When 
the length of the prismatic crystals are cut by the thin 
section. carbonaceous inclusions are seen to be concentrated 
in the cores extending the length of the crystals. Sericite 
generally replaces the andalusite crystals at the margins 
and in zones along the carbonaceous inclusions. S~ricite 
often completely replaces the porphyroblasts in some sec• 
tions with the r .esult that it is difficult to definitely 
identify the original mineral-·andalusite or staurolite--
except for the fact that staurolite, when present in other 
rocks, t~ds to show some diamond-shaped cross sections; 
andalusite cross sections are generally squara or rectangu• 
lar in appearance. Because no unaltered staurolite and no 
diamond ... shaped c1;oss sections are noted in the sections of 
this formation, it is assumed that the mineral is not 
present in these rocks. This assumption is further strength• 
ened by the fact that staurolite is not visible megascopi• 
cally in any of the schists. Andalusite is occasionally 
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present in a pleochroic pale rose•colored variety. Some 
andalusite (Speaimen K-280) occurs in the matrix as very . 
irregular crystals Which are extremely poikiloblast!~ with · 
quartz and sericite inclusions, . and can only be recognized 
as aomponents of larger crystals by the unit extinction of 
the &1dalusite grains upon rotation of the microscope stage. 
Usually; concentrated at the margins of the large porphyro-
blasts are micas and quartz in arrangements that wrap around 
the large crystals. Bands o£ small tourmaline prisms also 
flow around t he porphyroblasts. 
Garnet occurs in some of t he more highly metamorphosed 
schists which are located in the contact zones of t he pluton. 
The garnet is found in minor or trace amounts as pale pink, 
anhedral grains forming aggregates Which are occasionat ly up 
to 2-4 mm. long . In specimen K-280 the garnet grains which 
compose the elongate aggregates are poikiloblastic with in-
clusions of dark material and quartz , and they are parallel 
to the schistosity. Also in this specimen euhedral garnets, 
averaging about 0.25 mm. in diameter, are irregularly dis-
seminated. 
Small greenish•hrown euhedral prismatic crystals of 
tourmaline, averaging 0.15 mm. in length, are present i n 
almost every section in amounts ranging from trace quanti-
ties to 3 per cent. They are so remarkably aligned parallel 
to the schistosity in some properly oriented sections t hat 
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when the microscope stage is rotated they noticeably darken 
under uncrossed nicols because maximum absorption occurs al• 
most s1multaneously ill all the disseminated prismatic 
crystals (Figure 8). 
Very Small oval grains and rods of magnetite are dis. 
seminated in all sections. ranging up to 4 per cent of the 
matrix • . The magnetite is frequen~ly included in biotite and 
chlorite, but just as often it is in the andalusitc or con• 
centrated in the tourmaline bands. Some magnetite is par• 
tially altered to hematite. A. trace of ilmenite altering to 
white leucoxene on the margins is found in one slide. EK-
tremely small euhedral grains of zircon are present in trace 
quantities disseminated throughout many of the sections. 
The quartzites of this formatic:m are predominantly 
composed of quartz and muscovite-sericite mica tvith much 
lesser amounts of biotite and chlorite.. Some strata have 
pseudomorphic porphyroblasts in Which the andalusite has 
been completely replaced by sericite. Specimen K•326 
(Figure 8) has an .. unusually large arnount-•about 30 per cent-· 
of small brown tourmaline concentrated in bands and aligned 
in a parallel 01:ientation so that megascopically, the rock 
l.s dark gray in color'• and mierosaopically, the section 
darkens uniformly and very noticeably upon rotation of ~ 
stage in plain light, These crystals average 0. 06 uun. in 
length and range up to o. 5 mm. Segregation of the tourmaline 
/ 
F1gu1:"e 8,.-- B.and.ed quartmte.- Pe't'r}t Mountain Form-Qt1on. K•Jl6. . Quartzite t.s b~ed by perallel seg~egattons of aligned tout"maline crystals set in a matrtx of small 
angutu (JUM:"b grains .and aeri.ci to. l--tagneti. te 1 G common as blaek grains. and rodo dio-semtna~d ~allel to scht..~nt:v and banding. A l~:e aggregat-e o·f seri.<d.te-musco-vtte (~gttlll1." white. apot) completely replaces andalustte (7) ._ Traoe.s of chto.rtte replace 
small biotite flak.es tn the light bands which may rQPrEm9nt reli-ct b~di.ng .pal'allel to the sch1sto-'S1ty., Plain lishtt X!S. 
U1 
U1 
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crystals into bands imparts a strong ~oliation which is 
visible megascopically. The quartzites often have a slight 
sheen on the bedding planes or foliation surfaces which is 
due to the presence of the aligned miea flakes. Some strata 
have trace amount& of plagioclase feldspar grains. Calcite, 
siderite• pyrrhotite, and pyrite are not found in the rocks. 
99mPaf16gn, ~th SYBA lgcglttv 
The type l ocality for the Percy Mountain Formation is 
l ocated in the Rangeley quadrangle at the "hairpin turn" on 
Route 4 about o.S -miles west of Smalls Falls. The rocks are 
composed of very well-bedded quartzite and staurolite schist 
wbich are the metamorphosed equivalents of arenaceous and 
argillaceous sediments. The massive quartzite beds have an 
average thickness of 6 inches, t hough some range up to l~ . 5 
feet in thickness. The dull gray color of the quartzite is 
slightly mottled by crystals of biotite, chlorite, and gar-
net. '!he quartzites have white weathered surfaces. The 
interbedded medium gray schists which range in thickness 
from l to 3 inches have numerous crystals which are pseudo-
morphs of sericite and quartz after staurolite. Well-defined 
graded bedding in t he quartzi tes and the schists indicate 
that younger beds lie to t he southeast of this r oadside ex-
posure. Approximatel y 200 feet of continuous section is 
exposed. 
A polymictic cong lomerate--the Rangeley--has been 
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assigned by Wolfe (oral communication) to the top of the 
Lost Brook Formation. Thie member is a very spotty, lensy 
conglomerate ~ich cannot be satisfactorily used except to 
indicate the approximate top of tthe Lost Brool<.· Pebble beds, 
wh ich lie near the base of the Perry Mountain Formation and 
which are quite irregular, are found on Beaver Mountain and 
the mountains to the north in the Rangeley quadrangle.. Ex-
cept for the southeagt corner, the Perry Mountain Formation 
is largely absent in the Oupsuptic quadrangle where the 
stratigraphy proceeds from the k>st Brook Shale through the 
Rangeley Member to the Parmachenee to the Madrid. 
The Rangeley Formation in the Phillips quad rang le, 
which is the equivalent of the Perry thuntain Fonnation of 
the Kingfield area, has been described by Moench (1954, p . 
29-43) as consisting of an arkosic quartz-granule cong lom· 
erate and a polymictic pebble conglomerate which grade 
through facies change into inte~b~dded arkosic quartzites 
and silvery•gray stau~olitic schists. Moench has mapped this 
formation as extending northeasterly from the exposure on 
Route 4 in the P~ngeley quadrangle continuously across the 
Phillips quadrangle to the northwestern corner of the King• 
field quadrang.le. This formation also occurs i n a small 
exposure in the southeastern comer of the Phillips quad-
rangle . 
The conglOU\erate and -pebble beds are absent in the 
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Kingfield area. The n.on•bedded phyllites of the Lost Brook 
Formation gt"ade sharply into the interbedded arenaceous 
_quartzites and gray schists. The contact between the Perry 
Mountain Formation and the Lost Brook Formation may be ob• 
served 1n the outcrops on the hilltop located about 0.6 
miles southeast of Tufts Pond (1·2). 
No continuous section of this formation 1$ present in 
this quadrangle. The beds increase in thickness upward in 
the formation. The eontaet between the upper beds and the 
Parmaehenee Formation was not located in this quadrangle. 
Moench (1954, p. 69a) has found it to be gradational in the 
Phillips quadrangle. 
The thickness of the formation can only be conjectured. 
On the basis of the areal distribution of outcrops in the 
quadrangle, a reasonable estimate may be that it varies 
in thickness from 2.000 feet to 4;000 feet. Moench (1954, 
p. 69a) bas estimated the thickness of this rock unit in 
the Phillips quadrangle as ranging from z-ero feet to 400 
feet. 
The Pannaohenee Formation 
General descriAAion 
- ~ I - -
11\e Parmachenee Formation has been described and named 
by Moench (1954, p. 47·51). In a recent report on the 
geology of the Farmington quadrangle Furlo-ng has changed the 
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name of this formation to the Smalls Falls Formation (Wolfe, 
written communication). The name "Parmacheneen is retained 
in this study and is equivalent to Furlong's Smalls Falls 
Fot'tnation, 
Rocks of this formation are exposed in sporadic out• 
crops over much of the area. 'lhey are found most commonly 
as small outcrops in the valleys or composing the glacially-
polished crests .of low hills. A large ou t crop in Falls 
Brook at West .Mills (9·9) exposes about 435 feet of strata 
of this formation. Another outcrop which is approximately 
650 feet long is located beside t h e road at Hardy School 
(8-7) i n the southern part of the quadrangle. All other ex-
posures are much smaller t h an t hese two, many only a few 
feet in size. 
Predominant among t he rock s of this formation are the 
black slaty schists Which are th e metamorphic equivalents of 
argillaceous sediments with significant amounts of dissem~~ 
nated carbon and sulfide minerals. Interbedded dark gray 
quart:zites., sane-of Which are calcareous, represent meta-
morphosed arenaceous and calcareous strata. A few calc ... 
silicate and thin, parti ally recrystallized limestone beds 
have been developed from calcareous sediments which have 
undergone varying degree.s of metamorphism,.· AlL rocks con• 
tain varying amoun~s of finely disseminated carbon and 
notable amounf;ls of sulfide-.. pyrite and (or) pyrrhoti, te~J. 
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The black schists range in thickness from laminae to 
sequences up to 70 feet thick with no appa~ent bedding. 
Intercalated quartzites and phyllites range in thickness 
from 1 inch up to 48 inches and are commonly spaced on 1 to 
2 foot centers in the thick schist sequences. Impure black 
limestones, averaging 3 tnohes in thickness, are interbedded 
with thin gray slaty partings in which euhedral cubes of 
pyrite are concentrated (Figure 9). 
'11le presence of pyrite or pyrrhotite in notable amounts 
in the slaty schist and quartzite is characteristic of the 
rocks of this formation. Pyrite cubes are commonly dissemi-
nated in rocks that have undergone the effects of low grade 
metamorphism. Aljthough these cubes, ranging up to 3/4 inch 
in size, are extensively disseminated in the slaty schists, 
they sporadically occur in lesser amounts in low•grade 
quartzites, The crystals are unoriented; usually cutting 
the schistosity• and some are closely fractured and offset 
with minute displacements across the foliation trends. 
Pyrite occurs more commonly as irregular aggregates and 
patches generally concentrated in the foliation or bedding 
planes. Small elongate concentrations of pyrite whi~h are 
in subparallel alignment to the foliation are also developed 
in some schists and quartzites. Pyrite and pyrrhotite occur 
together in some specimens. Pyrrhotite is found in the 
schists attd ·quartzltes as elonga~e blebs. linear aggregates. 
Fi~urc 9 . ...... TI.-.Q typ ical beddi.n~j attitude 
of rocks in the !~i..ngfiolc qu.adran.r;lc is represcntocl 
by steaply incll.ncd black llmostonc boos with thtn 
illt erlaycrs of schist in a roadside outcrop about 
3. 5 miles south of llcw VL"1eyru:d alone rt.Jute 27. 
iorioontal joints and beddine are very t,mll ... 
developed. 
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and grains aligned in tt'ains (Figure 10). 1hese linear fea-
tures are very eommonly parallel to the foliation of the 
rocks, In som-e m.as&ive quart2i tes with~u t megasco.pically 
visible foliation these pyrr:hotitie arrangements develop a 
very marked lineation on the bedding plane surfaces.~ 
'lhe rocks of the Parmachenee Formatio11 weather to a 
distinctive green-brown or dark purple color. On the surface 
of deeply weathered zones in the rocks, espeaially the slaty 
schists. the former presence of sulfides is evidenced by the 
occurrence of small bro"m-stained voids which are elongate 
parallel to the foliation or el9e with cubic outlines~ The 
weathered zone is up to l/2 inch deep tn many of the rocks, 
and in many instances, limonite oceurs along joint or 
cleavage planes which extend deep within the exposures, 
P ~sro.g;aPhY 
The rocks o.f this formation are quite variable in some 
characteristias, ranging from shales to very coarse sand• 
stones-, but they qonsisten-tly contain appreciable amounts of 
minute carbon particle$, as well as pyrrhotite and (or) 
pyrite. Throughout the area these sedimentary rocks have 
been changed by met8m()rphism to slaty schist. arenaceous 
quartzite, and foliated grit. The calcareous content 1$ 
very variable l.n these rocks• many of which are nan• 
calcareous, whereas a few beds contain significant amount;s . 
The slaty schists are generally non•calcareous" Small 
Figure 10. --Pyrrhotite-rich phyllite., Parmachenee Formation ., K-63. Phyllite is 
composed of elongate quartz grains (white) and irregular biotite flakes (small, dark) with 
lesser amounts of finely disseminated ch lorite and g raphite.. Elongate pyrrhotite (large, 
black) grains and aggregates are aligned parallel to the s·chistosity. Large cmgular 
quartz grains <~~ite) are closely associated ~"ith pyrrhotite at the margins and "tailsa' 
of the aggregates. Plain light , X25 . 0\ 
w 
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amounts of calcite are commonly disseminated in the quartz• 
ite and grit beds . Two exposures in the quadrangle consist 
of impure black limestone in thin beds. Calc~silicate 
' 
minerals have been developed in some calcareous beds. Sider-
ite occurs in SOf<le· quartzites tmich are exposed i n the 
vicinity of West Hills (9 .. 9)~ 
Although many specimens of this formatton were collect• 
ed ·and studied during the course of the fie l d and l abor atory 
~10rk , only eleven thin sections are represented i n Tab l e 4. 
These modes can be considered as r epresentative of the 
different types Which occur . The rock types consist of t he 
follo~ang : (1) corrugated schist , (2) slaty pyrrhotite 
schist, (3) phyllite, (4) quartzite, (5) grit, and (6) calc-
sili cate rock . 
Corrugated schist is composed daninantly of an in t i -
mate mixture of small angular quartz grains and aligned 
shreds of sericite-muscovite that impart the major schistos~ 
ity to the rock. n1e corrugated appearance is developed by 
a secondary series of parallel microfolds transverse to the 
primary schistosity~ Spectmen K-10 has some microfolds Which 
may actually be microfaults developed along slip cleavage 
planes and are slightly sheared Wit h concentrations of 
orient ed sericite shreds4 Commonly scattered through the 
very fine-grained matrix are ragged oriented flakes of mus• 
covite and biotite~ Pyrite occurs as scattered grains and 
-K- 10 
.. 
Quartz • • • • 55 
Muscovite • • fs Sericite • • • 
Chlorite • • • 
Biotite .. • , 
Tremolite-
Actinolite • • 
Sphene •••• 
Pyrrhotite • • 4 
Pyrite • ... .. • 4 
Calcite • • • 
Siderite • • • 
Graphite .- • • 2 
C1inozoisite • 
Zircon . .... 
Garnet • .. • • 
Andalus i te • • 
Ilmenite ••• 
K feldspar •• 
Plagioclase • 
TABLE 4 
MODES OF THE PARMACI-1ENEE FORMATION 
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and sometimes as euhedral cubic crystals, averaging 0 . 4 mm. 
in size. with muscoVite associated at the margins. Specimen 
K•74 contains disseminated subhedral rhombs of calcite as 
well as . 9mall needles of ilmenite with leucoxene on the 
margins. Pyrite, as euhedral orystais, and pyrrhotite, as 
small anhedral grains, are present in specimen K-10, and a 
pyrite cube is enclosed by an aggregate of pyrrhotite grains. 
Slaty pyrrhotite schist is the predominant rock type in 
this formation. The very fine-grained matrix is composed of 
an intimate mixture of quartz and sericite in grains averag-
ing 0.-01 mm. 1n size. Larger flakes, about 0.3 mm. long , of 
biotite and penninite are disseminated in subparallel orien• 
tation. In section K-63 {Figure 10) elongate biotite i mparts 
a marked schistosity and shows s imultaneous absorption upon 
rotation of the stage, Tabular penninite crystals, identi-
fied as such on the basis of their anomalous "Berlin blue" 
interference colors, are aligned parallel to t he schistosity. 
Some pennini te is unoriented, In section K-58 twinning is 
commonly visible in the penninite crystals. Also aligned 
with the schi.stosity are the pyrrhotite blebs and aggregates 
with large recrystallized quartz grains at the mar gins and 
"tails"* Pyrrhotite appears to partially include a sub-
hedral chlorl te crystal which suggests that 1. t is later than 
the ahlorite~ 
Phyllite commonly occurs as massive beds in schist 
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sequenoes and differs in appearance from interbedded quartz-
ite which is not schistose. The matrix of the phyllite is 
eomposed of sericite and quartz with finely disseminated 
shreds and flakes of biotite in subparallel alignment. In 
s~tion K·l67 a very striking un1 t absorption by the biotite 
flakes occurs upon rotation of the stage. Elongate aggre-
gates of pyrrhotite are very aonmon and parallel to the 
schistosit-y. Recrystallized quartz grains and tabular mus-
covite are usually associated with the pyrrhotite. Small 
amounts of anhedral andalusite are apparently associated 
with the concentrations of py~rhotite and muscovite blades 
in section K-300 and may represent incipient crystallization 
of the andalusite. This section also contains disseminated 
zircon crystals, one of which is included in a pyrrhotite 
grain. Chlorite is sometimes present with the sericite in 
the matrix. 
~artzite 1n this formation ia generally canposed of a 
mixture of granoblastic quart~ and sericite shreds with 
various amounts of disseminated minerals of Which biotite is 
predominant. Chlorite, aalcite, and sulfide minerals are 
normally present in lesser amounts. Traces of detrital 
plagioclase, orthoclase, tourmaline, apatite, and zircon are 
sometimes noted. Siderite is found in the rocks in the 
vicinity of West Mills (9 .. 9).. The quartzites are found in 
exposures as massive beds of varying thickness, some of 
I - ~ - --~~~~---- ------- --~-~- -
68 
~Jhich are up to 36 inches in thickness, but generally 
averaging le.ss than 12 inches. Of·ten the beds have a violet 
tinge which is developed by the presence of a large amount 
of b!oti.te~ Carbonaceous material is ubiquitously pr.esent 
in th~e rocks• 
Grit b-eds and lenses w.Lth disseminated bluish-
opalescent quartz grains avtttag1ng 1 mm. in diameter are 
c:O'mll\only £o1.tnd in the upper parts of the ~ormation. Speci .. 
men K-189 is a section of a grit t<1ith porphyroclastic tex-
ture ill: which the quartz grains fonn a mosaic texture lvi.th 
cataciastically crushed quart~ grains between them. Seri-
cite and pennini te are distributed as shreds. Carbonaceous 
material is present in the £ine ... grained portions of the sec-
tion. Traces of magnetite and 1lmeni te, partially altered 
to leu.coxene• are present. 
Distinctive rocks which have \'larty weathered surfaces 
are a part of this formation and are composed of biot~te. 
calcite, and lime-silicate rndnerals, These rocks are appar-
ently l:'estricted to the upper parts of the Farmaehenee Forma-
tion~ Section K·363 i$ representative and has a hornfelsic 
fabric composed calcite, tremolite•actinol.ite. biotite~ and 
quartz in nonparallel orientati~n~ A number of clusters are 
d&veloped in t~ch 1tt¢gular. pr1$mat1c tremolite-actinolite 
crystals are clumped in crude stellate arrangements; these 
clusters f otm tile warts l:'anging up to S mmJt in diameter on 
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the weathered surfaces. Calcite is very common as anhedral 
masses interstitial to the matrix minerals. Biotite is 
dispersed, but it is generally excluded from the stellate 
clusters. .Quartz occurs as anhedral grains interstitial to 
the other mine~als. Sphene, as grains and aggregates, is 
closely associated with the tremolite-actinolite clusters. 
A small amount of clinozoisite, as very small anhedral 
grains showing anomalous "Berlin blue" interference colors, 
is present in addition to the other calc-silicate minerals 
in specimen K-66. 
Comparison with type locality 
The type locality for the Parmachenee Formation is on 
the east side of Parmachenee Lake in the Cupsuptic quadrangle. 
The rocks are composed of black slate and sands tone with 
pyrite cubes ranging in size from less than 1 mm. to more 
than l em. The formation is exposed in a roadside cut at the 
"hairpin turn" on Route 4 in the Rangeley quadrangle. 'lbese 
rocks are in the low middle grade metamorphic zone of the 
area ( Wolfe, oral communication). The outcrop is composed 
of black schist weathered to a dark purple color. Numerous 
pseudomorphs of chiastolite altered to muscovite impregnate 
the finely bedded schist. Grayish massive quartzite is 
interbedded in the schist sequence. Quartz pods and some 
simple pegmatite bodies are present in the schist. Pyrrho• 
tite is wide spread in all the rocks. Smalls Falls is 
situated on rocks Which are quite similar to those in the 
roadside expo·sure except that the rocks at· the falls are 
more arenaceous. 
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Moench (1954, p. 47-48) described the characteristics 
of the Parmachenee Formation in the Phillips quadrangle as: 
(l) black color. (2) sulfide-rich, (3) interbedded schist• 
qua~tzite-limey rocks• (4) limonite-stained surfaces, and 
(5) thin schist beds. He estimated the thickness of the 
formation in this area as probably not greater than 2,000 
feet. 
Cariani (1958, p. 21-35) has described rocks with 
similar characteristics in the Anson area which he assigned 
to the Parmachenee Formation. He speculated that the thick-
ness of the formation is probably well in excess of 1,000 
feet. 
The only characteristic which is lacking in the out-
crops of the Parmachenee Formation in the Kingfield quadran• 
gle is well•defined graded and cross•bedding. All other 
features of these rocks are very similar t~ the descriptions 
of the rocks in the adjacent quadrangleso 
As previously mentioned• the contact of the Parmachenee 
Formation with the Perry Mountain Formation was not noted in 
the Kingfield area. It is ~spected as being of a grada• 
tional nature because this condition exists in very similar 
rock types in the adjacent -quadrangles. 'nlis contact is 
/ 
' 
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quite sharp in the Rangeley quadrangle. 
The upper contact of the formation with the overlying 
Madrid Formatioq can best be seen in the outcrops in Falls 
Brook at West Mills (~·9). Lenses and pinchouts are common 
in the beds near the contact. Facies change may also occur. 
Although no continuous section was noted in the quad· 
rangle, the thickness of the formation is estimated to range 
from 500 feet to over 2,000 feet. This estimate is based on 
the areal distribution of t he rocks and is entirely 
speculative. 
The rocks are characteristic of t hose formed i n a 
sedimentary reducing environment. The problem exists (Wolfe, 
written communication) in determining whether they represent 
one continuous horizon formed i n a large sedimentary basin 
or whether they constitute different horizons formed i n a 
number of isolated sedimentary basins. The problem cannot 
be resolved on the basis of the areal distribution of out-
crops belonging to this formation because ei~her condi t ion 
can develop the same type of pattern in such an intensely 
deformed region. 
Moench (1954, P• 60) has mapped the Madrid Formation as 
containing three sulfide-bearing zones varying in t hickness 
from 7 feet to 20 feet and occurring within 245 feet of the 
contact with the Parmaehenee Formatio~. This tends to 
support the hypothesis which ascribes the development of 
/ 
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sulfide-rich rocks to isolated sedimentary basins . These 
zones, however, co~ld not be differentiated in the Madrid 
Formation in the Kingfield quadrangle. Although there is no 
evidence in the area with-which to conclusively prove either 
hypothesis• the sulfide-rich- rocks have been mapped as por-
tions of the Parmachenee Formation which have been repeatedly 
infolded and exposed by erosion. 
The Madrid Formation 
General description 
The Madrid Formation is exposed in a number of discon-
tinuous outcrops throughout a large part of the Kingfield 
quadrangle. A large outcrop which consists of about lt250 
feet of infolded strata of t he Parmachenee Formation and the 
Madrid Formation is exposed i n Falls Brook at West Mills 
(9~9) . Approximately 600 feet of this sequence is 1nter-
pretated as belonging to the bottom of the Madrid Formation. 
A second outcrop, consisting of a few hundred feet of Madrid 
rocks, is exposed in the Carrabassett River at East New 
Portland (6•3). Quartzite and schist with calc-silicate 
pods are best exposed in an easily accessible outcrop in t he 
Carrabassett River at the town of Kingfield (2-4) . Most of 
the higher hilltops and mountains•-the New Vineyard Moun-
tains••have exposures of rocks belonging to this formation . 
The Madrid is composed of rocks which are the 
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metamorphic equivalents of arenaceous and argillaceous sedi• 
ments containing varying amounts of calcareous material. 
The metamorphic rocks consist of gray•violet massive quartz• 
ite in beds that are up to 6 feet thick but are more commonly 
found in beds about 1 to 2 feet in thickness. Gray phyllite, 
which differs from the quartzite only in having a better 
developed foliation, occurs in beds which range from 0.5 
feet to 4 feet in thickness. Argillaceous and arenaceous 
schists are developed in beds that range in thickness from 
paper-thin laminae to 3 inches. and are interbedded with 
quartzite and phyllite. Slaty schist in beds averaging one 
inch in thickness is the only rock type present in a rock 
sequence that is 90 feet thick and a part of the Falls Brook 
outcrop (9-9). 
Most rocks are free of sulfides except for the grit 
beds and the coarse-grained quartzites which are located in 
the lower part of the Madrid Formation within 50 feet of the 
contact. These rocks sometimes have small amounts of dis• 
seminated pyrrhotite grains. Some pyrite cubes are sparsely 
scattered through quartzite beds which are in the middle 
part of the formation. 
The calcafeous content of the different rock types 
varies considerably• but the quartzites usually have the 
greatest amounts which may be present as traces or, occasion-
ally, up to 30 per cent of the matrix.. Black ellipsoidal 
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ferroan calcite pods occur in many quartzites and phyllites · 
of the lower part of the formation. Some pods are up te 39 
inches long and 13 inches wide and 6 inches thick• but nx>St· 
are smaller. They are aligned with the long dimension 
parallel to the bedding of the quartzite or parallel to the . 
foliation in the phyllite. These pods are sporadically 
spaced along the beds. When metamorphosed, the pods form 
light green calc•silicate cQncentrations in the quartzite 
and schist (Figure 11). Th.e slaty schist is not calcareous 
except on some of the cleavage .surfaces. Grains of siderite 
are present as small amounts scattered through the rocks of 
this formation lvhich are exposed in the southern and south• 
eastern part of the quadrangle. 
'nle chat;acterlstics of the lower contact of the Madrid 
Formation vary• probably as a result of facies change ol: 
pinchout of beds• in different sections of the quadrangle. 
In the north~vesten1 pa,-t near Welcome Hill (5-l) the forma• 
tion is made up of thin•bedded biotite-.muscov1te schist with 
interbeds of arenaceous biotite quartzite. In the south~ 
eastern part of the area in the vicinity of West Mills (9•9) 
the lo'tv.er beds are contposed of thick quartzite or phyllite, 
some of which contain f.erroan calcite pods• and slaty schist 
as interbeds. Grit .beds oceur in the form of lenses or 
pinchout beds in the lower sequence of . rocks . These rocks 
grade upt~rd into bltOwnish-gray biotttic quartzite ldth 
I 
I 
Fi gure 11.--Jolntod blocks with elU.paotdal calc- silicate 
pods parallel to the foliation in andalusite schist in t he Carra-
hassett River at Kingfield. The blocks have slumped. 
-.....1 
Ln 
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interbedded g-ray slaty schist• all of wich may contain some 
calcite or siderite. Some caleareo11s pods are present in 
the quartzite 1n the ·middle part of this formation" An in• 
crea-se 1n metamrphic intensity develops ealc•siU.eate pods 
in ~he quartzite and schist. Development of ealc•si11cate 
mine..rals and biotit-e by tne~amorph!sm in calcareous s.trata 
imparts a green•violet coLor to the rocks. The thick quartz .. 
ite and thin schist interbeds grade upward into rocks in 
which the black slaty s~hists predominate to such an extent 
that only an occasional thin biotitic quartzite horizon can 
be noted. These rocks are l:'ept"esented by exposures on Dyer 
Hill (7-5) in which the very black slaty rocks have indis,. 
tinct bedding and an occasional thin biotitic quartzite 
interbed. The presence of twa sets of foliation causes the 
development of ~i~d~shaped weathered fragments from these 
slates. The rocks of the Dye~ Hill area are eonsidered in 
this study to replZesent th~ upper part of the Madrid Forma-
tion. Rocks \dth similat characteristics are not found v~r:y 
extens1ve1y if! the quadrangle• The Dyer · H~ll slates are con-
sidered_, therefore;. to comprise a member ii1 · the uppeY part 
of the Madrid Formation. 
the roeks of this fo-rmatrion are quite variable 1n 
their weathered appea~anee~ Th~ee faetors which dominantly 
eont~l tthe· characteristics developed by weathering are: 
( l) the length of tbte of exposure of the rock to the 
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atm>sphere,; (2) the minerals constituting the rock• and (3) 
the degree of metamorphism developed in the rock. The first 
factor 1s best exanplified by grayish•brown punky quartzites 
whtoh C.otiJDOnly occur as weathered outcrops in the '~ds.. and 
yet the same quartz.1tes have a clean gray or blui:sh•gray 
appearance in stream-washed exposures. 'nle punky rock is 
generally weathered in zones up to 1.5 em. thick, ~Y'hereas 
the clean gl"ay rock 1s not weathered. Because slaty rocks 
composed of a quartz•sericite-ohlorite mineral assemblage do 
not Visibly weather differently than s.chists with the same 
mineral assemblage• the second factor is suggested. In some 
quartzites the ferroan calcite peds are weathered to depres-
sions• t-Jh.ereas calc•silicate pods are etched into relief in 
quartzites which have been roore highly metamorphosed; this 
is an example of the third factor~ 
A brief description of the ,infolded exposure in Falls 
Brook at West Mills follows: 
Apprg~te tbickness 
. ~} . 
1..1ght gray slaty schist in 1/2" 
beds, 
Light gray fine-bedded schist~ 
Msdium gray slaty .schist tn 1/2" 
beds with fine~bedded schists in 
·4" beds, Quartz veins. are ·1" thic:k 
and very coll11ll0tl. Beds show signs 
o£ slumping. 
Datk g.t:ay schists with some lenses· 
I 
I 
18 
4 
17 
5o 
or pinchout beds of quartzite with 
some llrle.ated sulfide blebs. 
Interbedded dat'k gray q~rtzi te 'in 
4" beds and dark gray sch1at ln 8" 
beds. QQartztte contalns some 
sulfide blebs. 
Slaty schists with some sulfides 
inte~bedded with datk gray grit 
beds with blui'sh•opaleseent 
quartz gwains. · Grits are 24" 
tbi.ek. These grade into fine• 
grained g~it beds about 40ti 
thick. Grits are slightly 
calcareous. 
Interbedded very coarse, gray grits 
ln 13" beds and maS$1Ve dark gray 
phyllite in 40'' beds. . Some 
phyllites have shale lenses about 
12" long and 1/2" thi<:k. Some 
grits are pods and lenses which 
pinch out along strike. 
CONTACT? P~~R~EE 
10 feet 
17 
54 
Blackt ftne•grained~ red•brown 50 
stained1. slaty limonite schist with interbedded gray quart~ite tn l" 
) beds~ Disserid.nated sulfictea are 
present in quartzi·te._ Disseminated 
pyri~e cubes are present tn slaty 
schis-ts. · -
Black slaty limonite schist ~th 22 
more .interbedded. datk gray quart~· 
tte i.n 1• beds •. 
Blaqk slaty limonite schist in 50 
average 31 beds t:dpeatedly inter-
bedded with massive dark gray fine• 
grained phyllite whtch iB bot cal• 
call'eO.US and wi'tthO\lt. obvious aulft.de 
mineral's. Some phyllite beds at:e up 
to 6* thick. NOse of a sytlcline t.s 
visible (Figure 12). Some limonite 
sehlst: beds ar~ highly distorted and 
show signs of flowage. · IttegUlar 
quartz veins are co111D¥)n, 
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Fiw~re 12. --Tile nose of an asymmetrical 
syncline developed in massive quartzites and t hin 
schists of the Parmachenee Formation i n an outcrop 
i n F'all s Brook at \-Jest Mills. Schist beds have 
been differentially eroded~ Beds have been 
t hickened in t h e trough of the fold . 
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Dark gray micac·eous schist with 
pyrrhotite in beds ranging from 
l. 5" to 4". these roc;ks have 
~aTty weathered surface& and ar~ 
interbedded with laminated schi-st 
and mas~ive phyllite !n 2' beds. 
Black slaty llttl)nit;e eehist 1n 
1/4" to 1/2" beds with dark gray 
massive phyllite in J• beds and 
gray quart_zite tn 6., beds. Schist 
contains large pyrite cubes up to 
1/4" and large amounts of p)'l'U:e ln 
stringers. 
CONTACT? p~~§E t 
23 feet 
'57 
Schist grades into interbedded 6 
gray quartzite and fine grit beds 
about 4" thick. Sulfide content 
decreases with gradational oha.nge. 
These rocks are slightly calcareous. 
Gap. 29 
Gray dense quartzite in massive 208 
beds up to 3' thick interbedded 
with light to dark gray slaty 
schist averaging tt in thickness. 
Dark gray phyllite is 1ntet-bedded 
sporadically in beds up to s• 
thick. Quartzite 1s predominant1 
calcareous._ and brown•specked on 
weathered s_urfaees. Several quartz• 
ite beds cont-ain large black ferroan 
calcite pods . Oeeas1onal coarse 
grit beds occur as lenses or 
pinchouts. 
CONTACT? i>~MiNEE . I 
Black slaty limonite schist whieh 
is highly contorted and shows 
signs of flowage.. · 
Gray quartzite with irregular, dis• 
torted bedding. 
8 
3 
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Highly distorted black slaty 
limonite schist. A zone of quartz 
pods and . stringers is located in 
the middle of the s.equence. 
Sulfides present. 
Dark gray phyllite in beds 1' 
thick. Sulfid~rieh and noneal• 
careous rock. 
Black slaty limonite schist. 
Sequ.ence of interbedded limonite 
schist with dark gray phyllite in 
beds up to 5' thick. All rocks 
contain notable amounts of sulfide. 
A minor fold--syncltne--may be 
present in the middle of the 
sequence. 
Hi ghly distorted zone of limonite schist 
with many zones of quartz veins and 
pods. 
Zone of rocks in which dark gray 
massive phyllite is predominant in 
beds up to 3' thick. Black slaty 
limonite schist is i nterbedded in 
average 8" beds. 
Limonite schist i n beds 1/2" to 311 
thick interbedded with dark gray 
phyllite from 4" to 27" thick. 
Limonite schist is very dominant. 
CONTACT? fNYtf6CHENEE MADRID ' 
Gap. 
Fine-grained gray non•sulfide 
very slaty schist in beds about 1" 
thiek. Slightly calcareous along 
cleavage planes. A quartz vein, 6" 
thick, is discordant and folded. 
Other discordant quartz veins are 
present. May be a minor fold in 
schist. 
Calcareous gray phyllite i n 1' beds 
I 
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4 
41 
58 
51 
118 
80 
33 
85 
18 
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interbedded with very slaty 
&ehist. One phyllite eontains 
black fertOan calcite pods. 
Gray slaty schist in beds less than 
1" thick• 
Interbedded gr~ calcareous . 
phyllites in I" beds and th~ 
bedded slatY· schist. One phyllite 
b~d contains blaek ferroan cal~ite 
pods. · 
tine-bedded slaty sehist. 
Gap. 
Thinly laminated slaty schist. 
END OF OUTCROP Total 
19 feet 
25 
4 
19 
= ~ feet 
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'lhe outcTop is interpreted as representing t he contact 
zone. between the Parmachenee Formation and the Madrid Forma""' 
tion t~ieh may have been tightly or isoclinatly infolded. 
Erosion could expose va~ious levels across the folds and 
this t'IX)uld explain the varying thickness of the Parmachenee 
rocks1 as well as the apparently very th1n exposure of the 
Madrid Formation. Though no exac~ t'epetit:ion of bedding 
occurs• gene't'al rock sequences are repeated, a fact which 
suggests the possibitity o£ foldi~. Minor folds are 
developed 1n these rocks; they may be considered as small 
folds or drag folds which are superimposed on the limbs of 
large folds. Th.roughout the oute1:op the steeply dipping 
beds · show reversais ·of attitude..- 'No cross-bedding and no 
faulta are visible·~. Contorted bedding and quartz veins are 
col11ll0ll in ehe black slaty schist of the Parma~henee Foranatlon 
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and may in~cate adjustment of these rocks by plastic flot\' 
to the deforming stresses. 'Dlis adjustment could take plaee 
durl..n.g the f<?lding of the rocks. It C:aJ1 be noted in the 
description of the outcrop that massive phyllite and (or) 
quartette is lnterbedde~ m.th grit beds i.n zones near the 
eontaet. tpith only one exception, and thcit occurs near the 
end of the exposure. ln this area the li100nite schist 
sequene~ continues up ~o a zone in which outcrop is miss• 
ing. 'lbe rocks encountered after this zone are fine-grained 
schists with a very t~ell-developed slaty cleavage. These 
schists are definitely not the Parmachenee rock type. These 
rocks are also not similar to the other contact zones of the 
~~drid Formation~ They may1 however~ be explained either by 
assuming a facies change in the bottom strata of the Madrid 
Formation or by assuming the phyllites and grits are located 
in the zone of missing outcrop . 
fet:ros.;m>hv 
'lbe formation is composed of grlt 1 quarteit·e, schist, 
phyllir:et slaty schist, slate, and calc•silieate rocks . The 
trodes of the different rock types are listed in Table 5 
which is a partial lt.aein:g of the results of a study of 70 
thin sections. 
Microscopic ~ectiorts. shov-1 t1tat the grt ts . ean actually 
be classified as ~ekes c;>r graywacke.s 1 depending on the 
eolot' of the matrix (Williams} Turner, Gilbert, 1954, p . 290· 
I 
/ 
TABLE 5 
MODES OF THE MADRID FORMATION 
' . . 
K- 12 15 . 20 . 26 27 28 32 69 71 
Quartz •••• 50 35 45 25 80 45 25 10 65 
Muscovite • • } 2o Sertc:·ite • • • 39 10 35 }to . }to 23 60 Chlorite ••• 20 10 25 40 25 6 
B1ot1te • • • 20 5 15 13 40 5 3 A:ndaluslte • • Ps* 
Staurolite • • 8 
Garnet •••• 2 Tr 10 Tr 
Calclte • • • 19 25 Siderite ••• 
Pyrrhotite •• 2 
Pyrite • • • • Tr? 
Magnetlte • • Tr 1 1 2 3 2 Tr 1 Ilmenite ••• 
Limonite ••• Tr 
Hematite • • • 
Carbon • • • • 5 Tr 
Plagioclase • Tr 
K feldspar •• Tr Tr 
Ztreon •••• Tr Tr Tr 
Apatite Tr 
Sphene •••• Tr 
Roc:k fragments 1 
Tourmaline • • Tr 
Sillimanite • Clt.nozoisite • 
*Pseudomorph 
. 
. ' - -- -· 
87 89a 
35 60 
} 20 5 
1 1 
30 3 
.. 
10 30 
4 
1 
Tr 
Tr 
r • • -· 
93 99 
50 20 
15 35 
15 6 
15 30 
Tr 8 
2 1 
3 
Tr 
~ 
105 
40 
1 
20 
25 
10 
3 
1 
00 
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TABLE 5 • ·Go»Sjnued 
... 
K • 107 132 147 164 165 '186 233 
.......... Quartz Je:' .... ., 10 60 15 26 70 5 50 
Mtt~ee: •• 
s~ette. .• ~ _. .60 25 13 40 3 60 33 
Chlort..te . ... 7 2 Tr· Tr 2 
Blc>tl1:i!: . .. . 20 65 30 25 15 
AndalUS:tt·e • ,. 
s :t:f11:11»lite .. • 5 8 
Gs:r:ne-~. • • • • 2 l Tr 10 
Catci'te .. ,. . 
SS.dE!t:i:ee • • • 1 15 
tyrmo.ti te (II .. 
fyrtte- ...... 
} 3 Magnetite •• 1 1 2 1 2 Utt\enite • • ~ 
L1non1t~ • • • 
Hemati'te· .. • • 
carbon ...... 10 
Pl.a:g:loclas·e • 
K f :eldapar .,. • 
Tr Tr ztrcnn •••• Tr 
~t1te • ., • 
Spl:'u:tne .. .. • • 
Ro·ak f'ragments 
Tr1 TOUlt:maltne •• Tr 
S~l11manlte .. 
Clt.no20isite • 
' ' 
236 240 243' 247 
. ' 
2.S 25 25 37 
'29 
45 20 35 
20 Tr 1 15 
s 20 3S 
30 
Ps 4 10 
1 1 3 
5 
Trj 
9 
251 261 
-
55 39 
33 35 
3 8 
9 
8 
3 
5 
1 
Tr 
Tr~ 
266 
45 
4 
12 
28 
Tr 
Tr 
10 
co 
"" 
K • 276 291 292 
' 
Quartz •••• 30 45 25 
Muscovi'te • • 20 } 5 11 Sericite •• ·• 10 
Ch1ortte ••• 1 
B1otit1! • • • 38 45 30 
Andaluslte • • 1 20 
Staurolite • • 
GaTnet •• ··• ·• Tr 1 
Calcite . . • • • Slder1te • · •• 
Pyrrhotite •• 
Pyrtte .... ·• 
Magnetite • • 1 Tr 3 Ilmenite • • ;• 
Limoiltt.e • ·• ·• 
Hematite • ·• ·• 
Carbon ••• ·• 
Plagioclase • K feldspar •• 
Zircon • • • • Tr 
Apatite • • • Tr 
Sphene •••• 
Rock fragments 
Tourmaline • • Tr 3 Tr 
Sillimanite • 10 Clinozoisite • 
TABLE 5 - Continued 
298 302 336 371 
78 8 61 23 
5 6 5 10 
3 3 2 
10 40 45 
40 20 
Tr ' I
10 
2 
Tr l 2 
4 Tr 
5 
1 
Tr 
Tr 
10 
2 2 Tr 
373 388 
29 65 
25 5 
3 
42 
Ps 
Tr 
4 
1 
20 
5 
Tr 
Tr 
389 
35 
51 
Tr 
1 
3 
10 
Tr 
Tr 
390 
55 
5 
10 
Tr 
1 
20 
9 
00 
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292). In general, the grits have a medium gray color, a 
wide variation in grain size, and a lineated appearance. 
Large grains of bluish-opalescent quartz, some of which are 
up to 3 mm. in diameter, are commonly scattered through the 
rocks that also contain shale fragments and feldspar grains. 
Under the microscope these rooks have the appearance of 
microbreccias. 'lhey are composed of angular or oval . grains 
ranging in size_ from fine pebbles to submicroscopic fragments. 
Large aggregates composed of a number of small diversely 
oriented quartz gTains occur co~nly with elongate and oval 
outlines. The parallelism of the elongate aggregates, the 
lenticular rock fragments, and the tabular feldspar frag-
ments impart a marked lineation to the rock. The matrix 
minerals, which are quartz, sericite, chlorite, calcite, 
pyrrhotite, feldspar, and carbon, tend to be elongate and 
aligned. Cataclastie deformation is evidenced by the 
crushed quartz grains, as well as by the arrangement of 
sericite and chlorite into streaks and thin films that flow 
around the large fragments. 
· Quartz, as grains ranging in size from sutnicroscopic 
to the largest ir. the sections, l.s the pr~4ominant: mineral . 
Some of the iar~e . quartz_ gratits· ~re clear out with margins 
that have reacted with the matrix minerals. 'lhe edges of 
these grains are penetrated by a shreddy mixture of small 
grains of sericite, chlorite, and calcite. Many quartz 
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grains are strain~d, and a few grains in some sections show 
Boehm lamellae. Calcite is present as widely disseminated 
twinned grains and interstitial aggregates that always have 
irregular edges. Siderite, as irregular interstitial grains, 
is present in one section that lacks calcite. Sericite is 
common in the sections as small shreds scattered throughout 
the matrix and in subparallel alignment. Chlorite is 
closely associated with the sericite and occurs as very 
small fibrous aggregates and irregular flakes . Occasion• 
ally, the anomalous "Berlin blue" color can be noted , and 
this indicates the variety is penninite. Elongate rock 
fragments are p~esent and are predominantly shale, although 
some fragments contain small plagioclase a~d orthoclase 
grains . Most of the dark gray rock fragments are made up of 
very small grains of quartz, sericite, and clay. Orthoclase 
and plagioclase occur as irregular tabular fragments which 
range in size from submic~oscopic to 2.5 mm. by 1 mm. They 
are commonly present in small amounts but in section K•388, 
plagioclase and orthoclase . together compose by volume about 
25 per cent of the slide. Plagioclase, commonly as oligo-
clase, occurs not only in clear grains with well-developed 
albite twinning, but also in clouded and altered grains 
largely replaced by sericite and clay minerals. Except for 
the lack of albite twinning~ orthoclase fragments have 
generally similar alterations and appearances as the 
I 
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plagioclase grains. One large orthoclase grain contains 
plagioclase as inclusions and is also granophyric in appear• 
ance. Pyrrhotite is present 1n small amo}Jllts in the matrix 
of these rocks as dispersed grains and elongate aggregates. 
Tra~es of magnetite, zircon• limonite, and tourmaline are 
occasionally present. 
Microscopic sections of the quartzite show quartz as 
the predominant mineral in vary:l.ng sizes and amounts. 
Whether these rocks have a polymodal or unimodal grain size 
depends directly on the size of the quartz grains. In reeks 
with polymodal grain size the quartz grains are up to 0. 9 
nm. in diameter and set in a matrix predominantly composed 
of anhedral quartz averaging 0.25 mm. in diameter. The sub-
parallel alignment of many of the elongate grains imparts a 
lineation to the sections. In unimodal grain-sized rocks 
the average diameter of the quartz is generally less than 
0.2 mm. Sericite as small shreds very cotm10nly is intimately 
mixed in the matrix with fine-grained quartz. Varying 
amounts of ragged flakes and tabular crystals of biotite 
are characteristic of the sections of the quartzites. Much 
of the biotite is ·aligned wtth the trends of the elongate 
quartz and sericite shreds.. Chlorite occurs as the variety 
penni.ntte in flakes and tabular crystals• as well as in re-
placement of biotite. Orthoclase and plagioclase are 
eharaoterlstieally present tn small amounts., but ln some 
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sections they are present in such significant quantities 
that the rocks are arkosic in nature. The feldspar frag-
ments range in size from 0.4 mm. to less than 0.1 mm. Al-
though many plagioclase grains are clear. predominantly 
oligoclase fragments• many are dusty with inclusions and 
partially altered to sericite, especially at the edges. 
Calcite is commonly present in varying amounts as grains. 
patches• subhedral crystals, and veins. Twinning is appar-
ent in many of the larger crystals. Calcite is predominant 
in the pods which also contain quartz, orthoclase, plagio-
clase (andesine), pyrrhotite, and traces of siderite. In 
areas of middle grade metamorphism and in igneous contact 
zones, the disseminated calcite and the ferroan calcite pods 
produce lime-silicate minerals in the quartzites. The 
minerals tremolite•actinolite, zoisite or clinozoisite, bio-
tite, chlorite, sphene, garnet, and calcite are in these 
rocks. Tremolite-actinolite occurs in fibers, prismatic 
crystals, and rhombic cross-sections with well-developed 
amphibole cleavage (Figure 13). Because many crystals show 
pleochroism from pale green to green, the variety is prob-
ably actinolite. The nature of the small anhedral grains, 
generally less than 0.1 mm. in diameter, makes difficult the 
distinction between zoisite and clinozoisite, but the common 
presence of a yellow-green interference color of the first 
order suggests that clinozoisite is the predominant mineral. 
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Figure 13 .-•Gl:'ani'tic dike in contact wi.th calc-si11.:cate quattzite~ Madrid Fo:tma• tion~ r 1<•191. Fine-grained .granitic dik e is composed of miorocline (not Visible) and 
quartz (whi.te to blaek) with small amounts of albite., tourmalin•e,,, btot1te ... and apatit.e 
(all no·t viSible).. Qual:"t~ite is made up dominantly of angular guart~ {whi.te ;to dark 
gray) with o.rl.ented actinolite (di.amond-shape~ perfect cleavage). cline~isite (v.:ery 
small~ irregular grai:ns). and sphene (high relief,,_ grains.).. Granite is chilled at the 
contact ~ich contains high concentr.atiofis of ea.lc-silicate minerals.. Cros.sed nicots. XS~ \() 
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Anhedral grains and irregular elongate aggregates of sphene 
are disseminated in varying amounts. Very pale brown bio• 
tite occurs in clear flakes in some sections, and the very 
light color indicates that the mica may be phlogopite. Cal• 
cite as large irregular patches is common. Large pink 
spongy masses of garnet poikilitically include quartz and 
matrix minerals. Other minerals sometimes present in small 
amounts are chlorite1 muscovite, zircon• and magnetite. 
Traces of pyrite, pyrrhotite, or siderite can be noted in 
some sections. 
In a number of instances it was very difficult to dis-
tinguish between schist and phyllite1 and also between 
quartzite and phyllite. In comparisons between schist and 
phyllite the choice was made on the basis of the degree of 
development of the schistosity; specimens with very shiny 
surfaces and well•defined schistosity were classified as 
schists. In distinguishing between quartzite .and phyllite 
the choice was even more difficult because both occur in 
massive beds and the mineralogical similarities are quite 
strong. Specimens with lustrous schistosity surfaces indi-
cating a better crystallization were grouped as phyllite. 
Phyllite and quartzite are essentially similar in 
mineral content except for an increase in the amount of mica 
present in the phyllite. The matrix of these rocks is gen• 
erally composed of an intimate mixture of quartz and sericite 
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with lesser amounts of dispersed porphyroblasts of biotite 
and (or) chlorite. Elongate quartz grains and shreddy seri• 
cite are partially oriented and give schistosity to the 
rocks. Unoriented porphyroblasts of biotite and chlorite, 
commonly penninite, are scattered in the fine-grained matrix, 
and, if they are conspicuously larger in size than the 
matrix minerals, impart a spotted look to the sections. 
Calcite occurs in some phyllites, but always in smaller 
amounts than in the quartzites of the same locality. Thin 
sections of phyllites located in the southeastern part of 
the quadrangle often contain appreciable amounts of dis-
seminated anhedral or irregular grains of siderite which 
average 0.3 mm. in diameter. These grains consistently have 
reddish-brown stained margins; frequently, voids which are 
rimmed with limonite suggest the former presence of the 
mineral. 
Schists are widely distributed in all parts of the 
Madrid Formation. Quartz is present in all the different 
types of schist. The common schist types are: (1) muscovite-
chlorite, (2) biotite-muscovite-chlorite, (3) garnet-biotite• 
muscovite--chlorite• (4) andalusite-biotite-muscovite• 
chlorite, and (5) staurolite-garnet-biotite-muscovite. 
Other mineral assemblages are present in some seh1sts which 
are not as extensively distributed in the area as those 
listed. At least one thin section of each of the different 
I 
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types of common schists contains traces of garnet. 
The schists are predominantly fine•grained, but those 
in the lower part of the formation are usually slightly 
coarsened by a medium-grained texture. Foliation surfaces 
of these rocks are generally lustrous, and the intensity of 
the luster depends on the amount of mica--usually muscovite•• 
present. These rocks are generally some shade of gray, but 
color is directly dependent on the amount of included car• 
bonaceous material and, also, on the abundance of mica and 
quartz. In high grade metamorphic zones the schists are 
strongly banded and foliated. 
Chlorite habitually occurs as a retrograde mineral, 
replacing biotite and garnet, but also it is extensively a 
prograde mineral in thick tabular crystals which are some-
times unoriented in respect to the schistosity of the rocks. 
Penninite is the most common variety. Although zoisite and 
clin.ozoisite also show similar interference colors as 
penninite, it .cap be easily distinguished from these min• 
erals on the ba~is of its lower indices of refraction. Not 
all chlorite crystals show this interference color, and 
those crystals which sometimes ·show polysynthetic twinning 
may be clinochlore. Chlorite was also observed in a quartz 
vein cutting across the foliation of a schist. 
Biotite and sericite ordinarily prevail among the mica 
minera~s. Not only do both micas occur as elongate shreds 
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parallel to the foliation of the schists. but also they form 
large irregular porphyroblasts lmich are unoriented 1n re-
spect to the foliatt.on. Biotite may also occur in veins 
with quartz, suggesting a secondary origin. Sertoite com-
monly occurs both as small shreds in the matrix and also as 
large irregular masses which probably represent complete re-
plac·ement of andalus1te porphyroblasts~ Thin sections show 
many ch1asto11te crystals that are in various stages of re-
placement by sericite., indicating conditions of retrograde 
metamorphism (Figure 14). 
Garnet in many different fo~ and varying quantities 
habitually occurs in these schists . Mos·t con:monly it is 
present in very pale pink euhedral porphyroblasts (almandite) 
sc·attered in the matrix without any preferred orientation in 
relation to the schistosity. Not only do garnets cut the 
main schistosity• but they deflect and cause it to wrap 
around the porphyroblasts. Sometimes the garnets are frac-
tured and slightly rotated by the development of slip cleav-
ages Which are transverse to the main schistosity (Figure 
15). Not only are the garnets clear in some thin sections, 
but also they may ~e clouded with quartz, darl< inclusions, 
and magnetite specks. Chlorite cons1stently replaces garnetJ 
a process which strongly indicates retrograde metamorphism. 
In some thin sections garnet is sean to be euhedral and 
partially included by eUhedral staurolite which, in turn, is 
I - ~-- -- -~---
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Figure 14.-,..C!licastolite-rnuscovite-biotite schist, Madrid Formation. K-292. 
Oriented large porphyrobla.sts of chiastolite (white to black, good right angle cleavage) 
are set 1n a matrix composed of books and fibrous masses of muscovite. elongate shreds of 
biotite., and angular quartz grains and aggregates with disseminated m_agnetite rods. The 
margins of the chiastolites are replaced by sericite and a little chlorite. Symmetrical 
crosses of carbonaceous inclusions in chiastolite are clearly visible._ Micas wrap around 
the porphyroblasts. Crossed nicols, X25 . 
\0 
(j\ 
Figure r.s·.,--.,.Cottt1gated garnet-chl.orlte schist,. Madrid Formation., K-32. Fine-
grained schist matrix i's composed of sericite and quartz with small amounts of dissemi-
nated biotite· and magnetite. Oval and euhedral. porphyroblasts of garnet in various 
st.~e:s of replacement by ·chlorite are con11.'110nly dissembtat~d. Inclusions 111. s.ome garnets 
1ndicat·e .slight rot·a:tion~ Tabular porphyroblasts of chlorite (dark grayt: shreddy books) 
are generally concent~ated in bands along microfolds (slip cleavage) acro.ss the main 
sehi·stosity. Plain light, X25.. .. 
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partially enveloped by biotite porphyroblasts (Figure 16). 
In one thin section of a hornfels1c schist incipient porphy• 
roblasts o£ andalusite tnclude subhedral biotite and garnet 
crystals (Figure 17). No garnets were identified as of 
detrital origin. In factt some oval garnet crystals con• 
tain inclusions with trends '-lbich are aligned parallel to 
the main schistosity of the specimen. 
Many schists in localities tn m~dium• and high-grade 
metamorphic zones contain large partially oriented porphyro-
blasts of andalusite. Although the long axes of these 
crystals lie within the foliation planes, the elongate 
crystals do not develop a lineation because they are arranged 
in an interlacing pattern (Figure 3). Sometimes the andalu-
site is a pleochroic pale p1nk color in thin section. The 
incipient andalusite porphyroblasts are quite spongy in 
appearance with inclusions of many of the earlier matrix 
minerals• and they can be recognized by the unit exttnetion 
under crossed nicols of many apparently unrelated anhedral 
grains (Figure 18), In some specimens taken from localities 
near the pluton contact the porphyroblasts are of the variety 
chiastolite and they are in subparallel aligmnent within the 
foliation planes. In a section cut normal to the foliation 
the marked alignment of these porphyroblasts is indicated by 
the large number of symmetrically ananged carbonaceous in• 
elusions Which are visible (Figure 14). As the contact of 
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Figure 16 .• ••Corruga.ted spotted schist, Madrid Fo-rmation.- K--186. Unor iented por-
phyroblasts of garne-t (~-1hite, high relief) are euhedral against staurolite (g:tay~ diamond-
shaped) ·tvh1ch , in tum, is euh~ral against bic:>tite (ragged books and p l ates., light gray 
to blaek)... All are set in a fl..ne-grained matr1.x of sericite and quartz. ~umerous pleo--
chroic haloes ·are present in biotite. ~~netite (black grains and rods) is disseminated. 
Plain light, X25. \.0 \.0 
., 
Figure 17.--Biotite-muscovite-garnet-andalusite schist. Madrid Formation, K-240. 
Coarse-grained matrix is composed of muscovite (white. pristMtic shreds), biotite (dark 
gray,_ irregular flakes and shreds). and quartz (white. angular grains). Incipient por• 
phyroblasts of andalusite (gray to dark gray, large spongy poikiloblastic masses with 
quartz) are very common. Oval. fractured garnets (high relief. gray) are disseminated. 
Magnetite (black rods) and apatite {clear) are disseminated. 'nle clark fibrous masses may 
be sillimanite. A few small crystals of plagioclase (andesine) are present in the slide 
but not visible. Plain light., X25. ,... 0 
0 
Figure 1&--Garnet-chiastolite-biotite schist, Hadrid Fonnation, K-105. Fine-
grained matrix of quartz contains some disseminated sericite, magnetite, and swarms of 
graphite particles. Porphyroblasts of biotite (black, irregular books and flakes) are 
common.. Oval porphyroblasts of garnet (high relief, unfractured) are present. Unoriented 
incip-ient chiastolite porphyroblasts (good right angle cleavage, moderate relief) include 
biotite. quartz, and graphite in symmetrical cross arrangements. Some very large grains 
of recrystallized quartz are near the chiastolite crystals. Garnet ia subhedral against 
bioti·t:e "Jbicb. i:n tum, is included by chia.stolite. Plain light, X2.5. 
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the pluton is approached the number and alignment of these 
crystals is increased and, concomitantly, the size of the 
crystals is decreased. 
In localities adjacent to the pluton contacts silli-
manite may be present in place of andalus1te. The thin sec-
tion of specimen K-276 (Figure 19) shows sillimanite as 
felted masses of fibers sporadically scattered through the 
matrix composed of large muscovite porphyroblas.ts and small 
books of biotite, all of which are arranged so as to form a 
decussate fabric. 
Large golden yellow euhedral staurolite porphyroblast·s 
are present in some sections of the schists (Figure 16). 
The unorim1ted crystals are poikiloblastic with quartz and 
magnetite inclusions which are aligned parallel to the 
schistosity trends of the matrix. Although the staurolite 
crystals are fractured, there is no indication of rotation. 
Magnetite is persistently present as elongate grains 
and rods scattered throughout the matrix and included in the 
porphyroblasts. Other minerals present as traces are cal• 
cite, tourmaline, zircon, rutile, and ilmenite. 
Csunparj.§pn nth trne locality 
The characteristics of the Madrid Formation as evi• 
denced by a very large exposure in the Sandy River at the 
town of Madrid in the Phillips quadrangle have been des• 
c~bed by Moench (1954, p. 58·62). The lower part of the 
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Figure 19~ ·-Biotite-muscovite-sillimanite hornfels 1 Madrid Formation, K-276 . 
Decussate fabric develop ed by porphyroblasts of muscovite (ligh t gray or stippled1 l arge 
books), biotite (dark gray,. irregular f lakes and small books), and some sillimanite (dark 
gray, f .ibrous masses).. Angular g~ains of quartz (white) are sporadically disseminated. 
Traces of tourmaline (dark gray, oval), apatite (white blebs)t magnetite (black rods), 
and zircon (in biotite) are present.. Pl a i n light,. XSO. 1-' 0 
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K • 121 
Quart:·z • • • • 45 
""- Museovite • • 
Sertc1te • • • 2 
Chlorite ••• 11 
B.lotl te ••• s 
Phlogoplte • • 
Gamet •••. • 30 
Magnetite • • 1 
Calcite • • • Tr 
Cllnozo1sJ. te • s 
Actlno11te· • • 
Sphene •. .••• 
Pyr!.Ce ... .. 
.Pyrtbottee • • 
K f~ldspar • • 
z.tccon • - • •. 
Apatlte. • • • 
Rutl.le . • ·•. 
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Figure 20-.-Contact betwe~n granitic dike and tourmaline,...andalus-i,te-garne·t· 
muscovite-bi:otite schist., Madrid Formation,. K-291. Fine-grained equigranular granitic 
dit<¢ is composed of plag-ioclase (oligoclase), orthoclase-. muscovite, quartz, and tounna--
line. Banded biotite (light gray , tabular books) and quartz schist contains porphyro-
blasts of museovite-,sericite largely replacing andalusite (not vi.sible) and has dissemi-
nated crystals of garnet and tourmaline ._ Note the concentrations of tourmaline (high 
relief~t light to dark gray, oval or irregular grains) and garnet ( euhedral, black crys-
tals) -at the contact... Crossed n.1cols, X80 . 
....... 
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formation is composed of thin interbeds of biotitic quartz• 
itet mica schist, and calc-silicate rock. These grade up-
ward into schist and thick-bedded quartzite with pods of 
calc-silicate minerals . Upper beds consist of thick bio• 
titic quart~ite and schist Which become· more pelitic 
upward. 
Rocks similar to the Madrid Formation are found in 
several other quadrangles of northwestern Maine. Crinoid 
columnals, according to Wolfe (oral coumunication), are 
present 1n rocks .of this £ormation in the Kennebago Lake 
quadrangle. 
Moench (1954, Geologic Map) has considered the Madrid 
Formation as comprising a series of parallel folds which 
trend northeasterly across the Phillips quadrangle. These 
fold trends extend continuously across the Kingfield quad-
rangle unless they are truncated by the g~anitic pluton. 
Those folds which do not directly encounter the pluton con• 
tinue into and across the adjacent Anso~ quadrangle (Cariani, 
1958, Geologic Map). 
The characteristics of the rocks of this formation in 
the Kingfield quadrangle compare favorably with those of the 
type locality. The lower beds ·• however • are apparently 
missing 1n the West Mills outcrop (9-9) where schist and 
thiek•·bedded quartzite with ferroan calcite pods occur in 
contact with the Parmachenee Formation rather than the thin• 
I 
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bedded quartzite and mica schist whieh is characteristically 
present in the contact zone. ntis indicates that approxi,.. 
mately 250 feet of strata in the lower part of ·the formation 
ar·e missing. A pinching out along the strike of the thin• 
bedded quar·tzite and schist may explain this condition. 
Facies. change may also be involved. These beds are missing 
only in the contact zones of the southern and s.outheastern 
pa~ts of the quadrangle, and1 interestingly, these zones 
roughly coincide with the areal distribution of rocks that 
contain disseminated siderite. These areas may contain 
strata Which represent sedimentary accumulations in marginal 
portions of the basin or in a shallow area. 
The Dyer Hill Slate is considered to represent the 
upper part of the Madrid Formation in the Kingfield quad-
rangle. Although the slate is missing in the Phillips area, 
metamorphically equivalent rocks••graphitic schists-•are 
present. 
Moench (1954• p. 62) estimates the thickness of the 
fo~tion as approximately 1,200 feet . Although no contin-
uous section of the formation is exposed in the Kingfield 
quadrangle, an estimate of 11000 feet to more than 6,000 
feet can be suggested for the thtckness ,on the basis of 
areal distribution of rock types and··on the interpretation 
of the structural features of the rocks . 
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Correlation 
Precise correlation of the metasedimentary rocks of 
the Kingfield quadrangle to others than those in the adja-
cent quadrangles is a formidable task because fossils are . 
not found. Moench and Cariani have been faced with the same 
problem in their respective studies of the Phillips quad• 
rangle and the Anson quadrangle. A definite correlation of 
stratigraphic units can be made only after a study of the 
geology of the entire region of northl>7estern Maine has been 
completed. 
The Madrid and Parmachenee formations of the Phillips 
area have been correlated by Moench (1954, .p . 76) to rocks 
with similar characteristics in the Bethel quadrangle, 
approximately 25 miles to the southwest, and to rocks in the 
Spencer quadrangle, about 25 miles to the north. An age of 
Lotver or l1iddle Devonian has been assigned to the rocks of 
the Bethel and Spencer quadrangles on the basis of litho-
logic correlation with the Littleton Formation of Devonian 
age in New Hampshire. 
Cariani (1958; p. 58-59) has tenatively correlated the 
Madrid Fonuation 1n the Anson quadrangle with the Vassalboro 
sandstone of Mid•Silurian age tcl:lich occurs in the south• 
eastern part of the Waterville quadrangle, about 15 miles 
southeast of th~ Anson quadrangle. His .correlation is based 
on lithologic similarities. 
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Although the rocks of the Kingfield area cannot be 
directly correlated to others of known age, indirect evi• 
dence is available that suggests a possible age. Wolfe 
(oral communication) • who has worked extensively throughout 
the entire region of northwestern Maine, has noted calcar-
eous quartzite and marble which occur on Limestone Hill in 
the northeastern corner of the Stratton quadrangle. These 
rocks contain fossils of Middle Mid-Silurian age. Although 
his correlation is tenuous. Wolfe suggests that these rocks 
are equivalent to the calcareous quartzite and limey beds of 
the ~~drid Formation. Limestone Hill is approximately 18 
miles northwest of the Kingfield quadrangle • . 
Griscom, who is completing a study of the Stratton 
quadrangle, has found fossils of Mid-Silurian age on Flag• 
staff Hountain which is less than a mile to the east of 
Limestone Hill . He has also discovered fossils on Bigelow 
Mountain which have been assigned a Mid-Silurian age. 
Grtscom (written communication) S\lspects that the similarity 
between the fossil-bearing lithologic unit of Bigelow Moun-
tain and the lime-silicate quartzite of the Madrid Formation 
in the Phillips quadrangle is strong enough to suggest a 
tenative correla-tion. 
Jackson (1953, p. 52-70) has studied a portion of the 
Rumford quadrangle which is about. 15 miles southwest of the 
Kingfield quadrangle. Although he was not able to date the 
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rocks• he described a sequence of stratigraphic units which 
have marked similarities to the formations in the Kingfield 
area. Jackson (1953• p. 52) suggested a stratigraphic 
column composed of the following rock units, proceeding from 
the oldest to the youngest: (1) Garnet-Staurolite Schist of 
61 800t feet thickness, (2) Byron Schist of 5,0001. feet 
thickness, (3) Pyrrhotitic Schist of l~Soot. feet thickness, 
lUld (4) 'l\1o Mica Schist of 4,200+ feet thickness. These may 
correspond respectively to the following formations of the 
Kingfield quadrangle: (1) Lost Brook Formation, (2) Perry 
Mountain Formation., (3) Parmachenee Formation 1 and (4) Madrid 
Formation. Jackson's description of the Garnet-Staurolite 
Schist as a silvery white to brownish schist showing very 
marked lineation and containing muscovite, biotite, quartz, 
staurolite, and garnet could represent the rocks of the Lost 
Brook Formation under conditions of middle grade regional 
metamorphism. The Byron Schist, according to Jackson (1953, . 
P• 70) 1 is the metamorphic equivalent of a rock which showed 
cyclical sedimentation of varve type, and this description 
admirably coincides with the characteristics of the Perry 
Mountain in the Klngfield area. He suggested that the 
Pyrthot1t1c Schist developed by the metamorphism of a black • 
highly organic, sulfide-rich shale. There can be no doubt 
that his description corresponds t o the characteristics of 
the rocks comprising the Parmachenee Formation. Tile Two 
/ 
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Mica Schist• which is composed of coarse-grained garnet, bio-
tite; muscovite, and quartz bands that alternate with quartz-
rich layers, corresponds in description to the strata in the 
lower part of the Y~drid Formation. If . this correlation be-
tween the rocks of the two quadrangles is correct, then the 
interpretation of the stratigraphic sequence of lithologic 
units in the Kingfield quadrangle is supported by the inde• 
pendent work of Jackson. 
In the Kingfield area the rocks which are of sedimen-
tary origin have been intruded and deformed by a granitic 
pluton which was probably emplaced during the Acadian 
orogeny. If the time of the orogeny can be dated, then the 
ages of the sedimentary rooks are fixed as at least older 
than the orogeny. 
Boucot (1958, p. 1537). t~o has worked for a number of 
years throughout an extensive region of northern Maine , 
found: 
New information about the evolution and development 
of a group of Late Lower Devonian terebratuloid brachio-
pods provides a more detailed basis upon which to corre• 
late the beginning of Acadian orogeny in the northern 
Appalachians~ 
Acadian orogeny is considered to begin in Late 
Early and Early Middle Devonian time with the transition 
from marine to nonmarine conditions. 
Other wotkers (Hurley. Fairbairn, and Pinson, 1958, p . 
1591) have generally ·corroborated Boucot's findings by de-
te~ng A 40 /K40 ages of sample-s from large intrusive 
., 
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bodies near Kingfield. These specimens "show ages closely 
grouped about an average of 385 million years." In this re• 
port they further state that "there are strong evidences that 
~his period of intrusion is post-Early Middle Devonian in 
the entire region." ~ 
The findings of a later study conducted by a group of 
workers (Hurley, Boucot, Albee, Faul• Pinson• and Fairbairn, 
1959t p . 947•950) indicate "that the age of the quartz mon• 
zonite and the time of metamorphism of the slates is at 
least 360 m.y. " 'nlis places the Acadian orogeny as post-
Early Devonian and indicates that Oriskany sedimentation 
took place before this time. The rocks dated i n this report 
occur in the immediate vicinity of the town of Jackman which 
is about 50 miles north of the Kingfield quadrangle. 
Alt hough there is no direct evidence for the age of 
the sedimentary fonnations in the Kingfield quadrangle , 
radioactive age dating of rocks in nearby regions indicates 
a minimum age of 360 m.y. to 390 m.y. (Hurley, written 
communication). Paleontological evidences from areas to the 
northwest suggest a Mid-Silurian age for the rocks of the 
Madrid Formation, 'Ibese rocks, in turn, can be tentatively 
correlated to the Fitch Formation in New Hampshire. 
The collection of fossils which Wolfe (written com• 
munication) found on Limestone Hill ln the Stratton quad-
rangle were identified by Boucot and Berdan as consisting of 
-I 
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brachiopods• gastropods, bryozoans, corals, and pelmatozoans 
fragments, U\e following forms were identified: Pentamerus 
cf, ~· oblgngus. Atnpa cf, A, reticularis, Euomphalopterqs 
.Ia• t and H§l.y;l:.t~s sp. Boucot and Berdan state in their 
report to Wolfe that: 
'nle above fauna has a distinctly Silurian aspect. The 
presence of the brachiopod fenfamefi!! is normally ~dica­
tive of a middle Silurian age or .t e entombing strata. 
UA1¥1~tes has not been reported in strata any younger 
th&ri -t e lowest Helderberg. EuYJDPba19Pftrus is known 
fro_m the middle and upper Silur an of t is regio.n. The 
corals and bryozoans are so rectystalized .that they are 
unidentifiable. 
The fo~il•bearing calcareous quartzite and marble of Lime-
stone Hill may be equivalent to the calcareous quartzite and 
limey beds of the Madrid Formation in the Kingfield quad-
rangle. 
.. , 
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IV. THE IGNEOUS ROCKS 
tnsrsa ductton 
Outcrops of igneous rocks are confined to the northern 
half of the Kingfield quadrangle. The largest pluton, which 
is made up of granitic rocks, trends across the north• 
eastern part of the area. The quartz monzonite and grano-
diorite rocks of the pluton vary in texture from fine• 
grained to porphyritic. In the border zone of the igneous 
body quartz diorite and diorite rocks are present in a few 
localities--Millay Hill (2-6), Indian Pond (2-3), and Vose 
Mountain (2-1). Pegmatitic and aplitic dikes, pods , and 
sill& are common on Vose Mountain and in the East New Port-
land area (6-3). Veins and pods of milky quartz (Figure 7) 
occur throughout the entire quadrangle but are best seen in 
the rocks of the Carrabassett River valley north of the town 
of Kingfield. 
On the hills just to the west of Tufts Pond (1-2) a 
few outcrops of gabbro occur which probably represent the 
southern margin of a large body which extends into the 
Little Bigelow Mountain and Stratton quadrangles (Griscom, 
oral communication). One basic dike occurs in the rocks of 
the east bank of the Carrabassett River where it enters the 
north boundary of the quadrangle (1-3) . 
I 
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The Granitic Pluton 
General description 
The granitic rocks in the northeastern part of the 
~ 
area compose a large pluton which extends a considerable 
distance northward into the Little Bigelow Mountain quad-
rangle and also a short distance eastward into the Anson 
quadrangle. The pluton may be of batholithic proportions, 
but the portion exposed in this quadrangle only covers an 
area of approximately 15 square miles. Vose and Gilman Pond 
mountains, as well as several gently•rounded hills, are sur-
face expressions of . these granitic rocks. Although the low 
areas between these hills and mountains are practically de-
void of outcrops, the same granitic rocks probably underlie 
t he drif~ and alluvial deposits covering these areas. 
In some localities the trends of the metamorphic beds 
in the vicinity of the pluton have been disrupted--
truncated, overturned, and deflected••by the emplacement of 
the igneous body. Axes of minor folds and linear features 
in metamorphic rocks frequently plunge away from the nearby 
pluton. Taken together, these features imply active intru• 
sion of the pluton which was uplifted and forced into the 
strata. 
A oonta~t metamorphic aureole of unknown width is de-
veloped in the country rocks which are adjacent to the mar-
gins of the pluton. 'lbis is evidenced by the presence of 
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sillimanite in the rocks of some localities , whereas in 
other places rocks contain andalusite crystals which are 
smaller in size and more numerous than in the outer zones . 
These andalusite crystals in the contact metamorphic zone 
tend to be in parallel alignment within the beds, but those 
andalusite crystals in the outer margins lie in a criss-
cross fashion within the beds (Figure 3). Hornfels (Figure 
19) is developed in some localities adjacent to the plutonic 
contact . 
Examples of chemical exfoliation and mechanical weath-
ering are well-developed on Gilman Pond Mountain (3-4) and 
Fletcher Hill (3-9) . The granitic outcrops are weathered to 
an average depth of 3 inches. The weathered zone which is 
white and powdery is the result of the hydration, hydroly-
sis, and oxidation of the feldspars. Much kaolin is formed 
in the upper half inch of this weathered zone, and the out-
crops flaRe off in layers to this depth. Mechanical weath-
ering along well- developed vertical joint planes forms large 
blocks which accumulate and produce talus slopes at the 
bottom of cliffs . 
PetrographY 
The granitic rocks are fine-grained to porphyritic in 
texture and vary in color from light to dark gray depending 
upon the amount of biotite and (or) hornblende present. In 
places the rocks are porphyritic with microcline phenocrysts 
/ 
117 
up to 7 5 mm. by 25 mm. by 10 mm. in size. .Irregular zones 
of biotite and (or) hornblende are locally prominent, gen• 
erally near the margins, in the granitic pluton. Some of 
these zones may represent the remnants of reworked xeno• 
liths , whereas others may have formed from local concentra• 
tions and segregations of primary crystallization products 
within the cooling intrusive. Undoubtedly, a few of the 
zones in the border zone developed by reaction of the gran-
itic rocks with the country rock during the time of emplace• 
ment . 
The granitic rocks of the pluton are composed of the 
follo~~ng types: quartz monzonite , granodiorit e , quartz 
diorite, and diorite. Quart.z monzonite is the predominant 
type with granodiorite next in importance. Quartz diorite 
and diorite rocks are found only in. a few localities near 
the margin of the pluton. Granitic dikes and sills occur ~ 
the country rock near the ~ontact with the intrusive body . 
Pegmatitic and aplitic bodies are largely confined to the 
pluton. 
The modes of the different rock types which are repre-
sented in Tables 7, S, 9, and 10 were derived from measure-
~ 
ments of volume percentages in thin sections placed on the 
Wentworth-Hunt Mechanical Stage. Except for the quartz dio• 
rite and diorite rocks, most of the rocks are leucocratic . 
Although Moench (1954, p. 144) was able to determine 
I 
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TABLE 7 
MODES OF QUARTZ MONZONITE ROCKS 
K • 133 140 149 l53 200 202 242 
. 
~ Quartz •••• 31 46 36 46 41 39 41 
Pl.agioclase • 34 23 30 24 19 33 27 
M1croc1ine • • 23 16 21 16 25 20 21 
Biot./Chlorite 6 11 8 2 11 5 8 
Musc./Seric1te 6 4 5 12 4 3 3 
Apatite • • • Tr Tr Tr Tr Tr TT 
Zircon • • • • Tr· Tr Tr Tr Tr Tr Tr 
Gamet • • • • Tr ? Tr 
Tourmaline •• Tr Tr 
Magnetite • • Tr 
Pyrite • • • • 
Hematite ••• 
Calcite • • • 
Epidote • • • 
Per cent An •· 25 20-33 22-27 29 29 26 23 
269 277 
41 40 
31 18 
17 28 
10 12 
1 ' 2 
Tr Tr 
Tr Tr 
Tr 
Tr 
29 16-23 
v 
366 
35 
31 
25 
3 
5 
Tr 
Tr 
Tr 
Tr 
1 
Tr 
Tr 
Tr 
28 
400 
27 
35 
29 
2 
6 
Tr 
Tr 
Tr 
20-30 
..... 
..... 
00 
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TABLE 8 
I10DES OF GRANODIORITE ROCKS 
' . 4 ••• 
"X 
K .. 136 253 319 377 378 
Quartz • • • • 42 39 41 38 34 
' 
Plagioclase • 39 31 42 34 40 
MiCrt'C11ne • • 12 12 9 15 12 
!iot./Chlorite Tr 11 4 
Muse. /Seri.cite 5 12 7 2 9 
Apatite .. • • Tr Tr Tr Tr Tr 
Zireon • • • • Tr Tr 
Gamet • • • • Tr Tr 
Tourmaline • • 1 1 1 
Magnetite • • Tr 
Pyrite • • • • Tr 
Hematite • • • Tr 
Epidote • • • Tr 
Per cent An • 30 33 29 30-38 30 
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TABLE9 
MODES OF GRANITIC DIKES 
K • 129 193 291 266 267 
Quartz • • • • 38 '25 .. 37 25 32 
Plagioclase • 15 10 30 35 18 
Hicrocline • • 34 55 18 30 40 
Biot./Chlorite 6 3 8 
Musc ./Sericite 7 Tr 10 10 1 
Apatite • • • Tr 1 Tr Tr Tr 
Zircon • • • • 1'-"~ Tr Tr 
Garnet • • • • Tr rrr 
Tounnaline • • Tr 5 5 
Epidote • • • Tr Tr 
Per cent An • Alt. 10 15 Alt . 8-16 
I 
121 
TABLE 10 
MODES OF QUARTZ DIORITE, DIORITE, AND GABBRO ROCKS 
K .. 150 288 299 155 158 274 408 
Quartz • 
• • • 12 10 34 5 7 Tr 
Plagioclase • 43 40 45 35 35 43 55 
M1croe11ne • • 5 2 1 
Biot./Chlorite 10 15 17 12 1 1 
Musc./Sertc:1te 1 2 Tr Tr 
Hbld./Uralite 20 24 46 48 55 39 
Magnetite • • 1 Tr 2 1 Tr Tr 
Hematite • • • Tr 1 
Epidote • • • Tr Tr Tr Tr 
Sphene • • • • 6 8 Tr Tr 
Apatite • • • 2 1 Tr Tr Tr Tr Tr 
Zireon • • -. • Tr Tr Tr 
Pyrite • • • • 1 Tr 
Ilmenite • • • Tr 
Augite • • • • 5? 
Per cent An • 36·42 39·45 J0 .. 4o 40-48 39-46 51 59 
- v Name • • • • • Quartz n~orite Gabbro Diorite 
122 
tt-vo phases--granodiorite and a later leucoquartz monzonite--
in the Phillips ·Stock cf the Phillips quadrangle, no age re-
lations between similar rock types of the granitic pluton in 
the Kingfield quadrangle could be found. The rocks are con• 
sidered to have formed from a single phase intrusion that 
developed compositional variations during emplacement. 
Quartz is present in varying amount s in all of the 
granitic rocks . It occurs as anhedral interstitial grains 
which are clear and strained. Small amounts as rounded 
blebs are included in plagioclase crystals. Practically all 
sections contain quartz grains with myrmekitic intergrowths 
that are associated with and penetrate microcline crystals. 
Quartz is similarly developed in the granodiorites and 
quartz diorites . Its crystallization range extends from the 
early plagioclase to the last minerals which developed in 
the rocks . 
Plagioclase in the quartz monzonites is present as un• 
oriented subhedral laths or as anhedral grains . Various de• 
grees of alteration of plagioclase exist 1n which some sec-
tions contain grains which are clear while other slides show 
crystals clouded by sericitic and argillic alteration. The 
amount of alteration is best seen in plain light, and when 
present the plagioclase grains can be easily distinguished 
from microcline. Alteration of plagioc lase crystals is 
usual ly strongest in the cores• Clear rims of albite often 
I 
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are developed (Figure 21). Small tabular plagioclase 
crystals included in microcline often best show the altered 
cores with rims of clear albite, This development of albite 
is associated with plagioclase that is in contact wit h 
m1crocline, a feature which Moench (1954, p. 126) noticed in 
the granitic rocks of the Phillips area. 
Plagioclase composition was estimated by measurement 
of extinction angles in properly oriented crystals with com-
bined Carlsbad-Albite twins .and reference to the proper 
curves . Occasidnally, a lack of suitably oriented twinned 
crystals required the use of the statistical method of 
Michel-Levy. 
The composition of the plagioclase i s oligoclase in 
t he quartz monzonites . Albite twinning i s well- developed in 
practically all .unaltered plagioclase crystals, and Carlsbad 
t~~nning is relatively common. Alteration tends to destro> 
the t~nnning . Some weakly developed normal zoning is pres• 
ent in several grains. Very small inclusions of quartz and 
shreds of muscovite are commonly included in large pl agio• 
clase crystals . Specimen K 366 shows a few very small laths 
of microcline included in large plagioclase crysta ls . 
The plagioclase of the granodiorites has similar char• 
acteristics as in the quartz monzonites except that the com• 
position is that of andesine. In the quartz diorites and the 
diorites the plagioclase is also andesine, although more 
Fi~re 21.--Quartz monzonite, K-400 . The essential minerals are plagioclase 
(ol1goe1'1tfJe), microcl1ne. quartz• muscovite •. and biotite. Many subhedral plagioclase 
crystals w:t.th cle~r rims are clouded by sericite in the cores.· Large subhedral and an-· 
hedral m!.ctocline crystals commonly include small laths of plagioclase.· Quartz is an-
hedral,. interstitial, and strained. Plates and shreds of muscovite and biotite are dis-
seminated.. Pleochroic haloes are common in biotite. Crossed nicols, X25.-
.... 
N 
~ 
calcic. Furthermo~e , the albite r1ms are missing and the 
zoning is better developed, sometimes of the oscillatory 
tYPe• 
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Microcline of the quartz monzonites is present as in• 
terstitial anhedral or subhedral crystals which are polysyn! 
thetically twinned giving the characteristic "gridiron" 
structure under crossed nicols (Figure 21). In the porphy-
ritic varieties (Specimens K·l40 and K-242) phenocrysts of 
microcline are commonly subhedral to euhedral in form with 
average dimensions of 25 um. by 10 mm. Tabular microcline 
grains range from 0.1 mm. to 35 mm. in length. 
The microcline crystals are unaltered but cotiiilonly 
contain unoriented inclusions, such as tiny tabs of plagio-
clase, flakes of biotite and muscovite, and irregular quartz 
grains . In several slides string and rod microperthite is 
developed in a few microcline crystals. In many sections 
myrmekite is developed in several quartz grains that extend 
into the margins of microcline crystals. In these rocks no 
microcline occurs as inclusions in the plagioclase euhedra. 
Except for the decrease in the amount and size of the 
microcline, the characteristics described for this mineral 
in the quartz monzonites apply as well to the microcline of 
the granodiorites. One exception is that in specimen K-..253 
the potassium feldspar is orthoclase and not the normal 
mi.crocline. Specimen K·288 of the quartz diorites also has 
/ 
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orthoclase rather than microcline. The orthoclase is clear, 
interstitial, and anhedral in outline. 
Biotite in the quartz monzonites and granodiorites 
occurs as pleochroic brown flakes, tabular crys·tals, and 
lamellar aggregates averaging about 2 mm. in size. Biotite 
is often partially or completely altered to chlorite. Pleo-
chroic haloes developed by tiny zircon inclusions are pres-
ent in almost all biotite crystals . Grains and rods of 
apatite are usually included or associated with the biotite. 
Magnetite occurs less commonly but always associated with 
the biotite. Muscovite may occasionally be included by the 
biotite. A few small plates of biotite are completely in-
cluded in the plagioclase. Bent cleavage can sometimes be 
noted. 
In the quartz diorites and diorites the biotite is 
very conmon as pleochroic light brown flakes and wavy 
shreds. Pleochroic haloes are rare. Although hornblende, 
sphene, apatite, and magnetite are closely associated with 
the biotite, many flakes are disseminated among quartz 
grains and interstitial to the plagioclase. 
Muscovite is developed in the granitic rocks as seri• 
cite replacing the. plagioclase and as disseminated shreds 
and books in the quartz grains or penetrating and surround· 
ing the biotite• Crystals range in size from submicroscopic 
to more than 5 mm. long, averaging about 1 mm. 
I 
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Pale green pleochroic hornblende is developed in the 
quartz diorites and diorites as anhedral to subhedral 
crystals, ranging in size from 0.1 mm. to 1 mm., which are 
clumped and form large irregular Qlasses (Figure 22). nte 
typical amphibole cleavage is visible tn. many grains. Reac• 
tion with the margins of the plagioclase laths is indicated 
by feathering and penetration by fibrous masses of pale 
yellow-green uralite. Biotite and. sphene are closely asso• 
ciated. Because the hornblende masses are penetrated and 
partially replaced by irregular flakes of biotite, primary 
reaction during crystallization is indicated. The develop• 
ment of uralite suggests a deuteric or hydrothermal altera-
tion of an amphibole . 
Apatite and zircon are common as accessory minerals 
which are subhedral to euhedral in crystal outline. Zircon 
is present in all quartz monzonites and granodiorites that 
contain biotite. Apatite is universally present 1n all the 
granitic rocks and is not only closely associated with bio• 
tite and quartz, but is disseminated in other minerals as 
well. In the more basic rocks magnetite grains are asso• 
ciated with biotite, sphene, and hornblende. In these same 
rocks sphene occurs as disseminated grains and trains in 
biotite and homblende. Traces of sulfide are occasionally 
present. Alteration of plagioclase frequently produces 
clouded cores of sericite and saussurite in which a few 
Figure 22 . --Diori·te, K-155. U11ortented laths of plagioclase (zoned andesine) 
are set in a matrix of hornblende (Tdth uralite) and biotite. The· margins of the 
plagioclase crystals are feathered by reaction with homblende-uralite. Anhedral 
quartz is sparsely dissemin.ated throughout the section. Magnetite is · closely as.so-
ciated with bt·otite. Crossed nicols 1 X25. 
..... 
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grains of epidote or clinozoisite are visible. 
Small amounts of pale pink subhedral garnet, averaging 
0 . 3 mm. in diameter, are disseminated in several sections. 
Some garnets are fractured and partially replaced by seri-
cite. Tourmaline is usually present in garnet•bearing 
rocks, although one may be present occasionally without the 
other. Greenish•brown and greenish•blue prisms, up to 1.5 
mm. long, and oval grains of tourmaline are scattered as 
interstitial crystals. Quartz inclusions are common in some 
of the larger tourmaline crystals. 
The probable sequence of crystallization of the dif· 
ferent minerals in the quartz monzonite and granodiorite 
rocks is represented in Table 11. Interpretations were 
based on the petrographic study of the fabric of the rocks . 
TABLE 11 
PROBABLE MINERAL PARAGENESIS IN GRANODIORITE 
AND QUARTZ K>NZONITE 
Quartz 
Plagioclase 
Microcline 
Biotite 
Muscovite 
Apatite 
Zircon 
Magnetite 
I 
-
-
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An interesting phenomenon is the presence of sodic 
plagioclase (albite) rims around c l ouded and alte~ed calcic 
plagioclase cores . These rims develop typically in grains 
that are in contact with microcline crystals which may or 
may not be microperthitic. The quartz monzonites best show 
this condition (Figure 21). The origin of this rillJiling 
plagioclase may be due to unmix1ng during cooling 1n the 
solid state. Tuttle and Bowen (1958, P• 140) believe that: 
Unmixing can occur within grains and along grain 
boundaries, and it is possible for the process to proceed 
until all textural evidence of ,unmixing disappears . 
They (Tut tle and Bowen, 1958, p . 138) suggest t hat the 
energy necessary for this unmixing is derived from the de-
creasing solubility between potassium feldspar and sodium 
feldspar during falling temperature. They (1958, p . 142) 
suggest, furthermore, that myrmekitic intergrowths , altered 
cores of plagioclase, and muscovite development may be 
brought about by unmixing and recrystallization after final 
magmatic crystallization. These suggestions may apply to 
the origin of the same phenomena which are developed in the 
quartz monzonite and granodiorite rocks of this quadrangle. 
Table 12 is a proposed paragenetic sequence of min-
erals which compose the quartz diorite and diorite rocks of 
the granitic pluton. Perhaps the most interesting feature 
represented in this diagram is the suggested two stages of 
crystallization for the development of early hornblende and 
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late uralite. Beeause of the scarcity and isolated nature 
of the diorite outcrops, conclusions about their nature and 
origin cannot be specifically stated. However, they share 
one characteristic which is their location near the margins 
of the pluton. They may represent a separate intrusion from 
the quartz monzonite-granodiorite mass, or they may have re• 
suited from contamination with the country rock in the 
border zones of the granitic pluton. Furthermore, the dio-
rites could represent the final products of a metamorphosed 
extrusive. Because of the general occurrence of these rocks 
near the contacts and because of the texture of the rocks i n 
thin section, the hypothesis that the diorites represent by• 
brid rocks in the pluton seems applicable i n explaining their 
origin in this quadrangle. 
Quartz 
Plagioclase 
Microeline 
Biotite 
Muscovite 
·Hornblende 
Magnetite 
Sphene 
Apatite 
/ 
TABLE 12 
PROBABLE MINERAL PARAGENESIS I N 
QUARTZ DIORITE AND DIORITE 
132 
The Gabbroic Body 
Qeeetal description 
Gabbroic rocks crop out on the hilltops which are ad-
jacent to the west shore of Tufts Pond (1-2) in the north-
west corner of the quadrangle. A thick drift cover, an 
abundance of large erratics, and a paucity of outcrops are 
conditions which conceal the extent and form of the gabbroic 
mass. The contacts with the country rock are not visible. 
\leathering of the gabbro produces a reddish-brown 
grus•like material in a zone up to 12 inches thick. This 
weathered material occurs on hilltops which have been gla-
ciated and scoured, and because of this it is apparent the 
thick zone of fragmental products of weathering must have 
developed since the time of last ice movement in the Pleis-
tocene. This material hinders the procurement of fresh 
specimens for petrographic study. 
In this area no development of a hornfels zone was 
noted in the scattered outcrops of metamorphic rocks which 
are composed of thin interbeds of quartzite and slaty 
schists and phyllites. A few exposures of pseudomorphic 
andalusite schist are present . The strike of the metamor-
phics in this area generally parallels the regional trend 
~d does not seem to be deflected by the gabbro body. 
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Petrograohy 
Specimens K-274 and K-408 (Table 10) are representa-
tive of the gabbro1c rocks. They are medium-grained, brown• 
gray, equi-granular phanerites . Because of the large amount 
of ural1te1 they are somewhat leucocratic in comparison to 
the "normalu gabbro. Weathered surfaces are stained a red• 
brown or rusty color, probably as a result of the decomposi-
tion of pyrtte .. 
A microscopic study of specimen K-408 (Figure 23) 
shows as essential mineralss plagioclase, hornblende-
uralite, and possible traces of augite. Small amounts of 
biotite, sericite, magnetite, apatite, pyrite, and quartz 
are present. Anhedral to subhedral plagioclase (labra-
dorite) are unoriented and form a matrix in \-lhich irregular 
masses of hornblende-uralite are interstitial. Only a small 
amount of sericite clouds the relatively clear grains of 
plagioclase. Albite and Carlsbad t\dnning is well-developed. 
An occasional grain shows zoning which is the normal type. 
Extensive reaction of the plagioclase with the fibrous 
uralite-homblende masses is indicated by the corroded and 
feathered margins of the laths. Because one mass of uralite 
shows extinction similar to that of albite twinning, it may 
indicate a complete replacement of a plagioclase crystal 
that preserved the original twinning . 
The faintly pleochroic ura11te masses are pale green 
~ 
Figure 23.--Gabbro. K-408. Unoriented lat:hs of plagioclase (labradorite) form 
a matrix in tmich hornblende-uralite masses are interstitial . - Combined Carlsbad•Albi te 
twins are coiiiilOn in the plagioclase. A few irregular augite cores may per.sist in the 
hornblende and uralite masses . Pyrite and magnetite are dissem!nated in the slide. A 
few strained quartz grains occur. B1.otite and apatite are present in small amounts • . 
Cmssed nicols .• X25 .• 
~ 
w 
~ 
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and extremely fibrous. Typical amphibole cleavage is clearly 
visible in many of the brownish gratns which are complexly 
interpenetrated by tbe uralite. Very light pale greenish-
brown grains of augite may exist in a few of the uralite 
masses, The hornblende is interstitial and may sometimes 
include a small euhedral lath of plagioclase. 
Accessory minerals are disseminated. Irregular grains 
and aggregates of magnetite are scattered through the horn-
blende. Apatite is found as rods dispersed in the matrix. 
Light brown clear biotite flakes in vein-like masses are 
interstitial to plagioclase laths. Small amounts of seri• 
cite are 1n several plagioclase crystals. A few clear 
anhedral quartz grains fill in interspaces between plagio• 
clase laths. Pyrite is present as large very irregular 
masses associated with hornblende and molded against 
plagioclase. 
Specimen K•274 differs only slightly from K•408 in 
mineralogy and texture. 'Ihe development of uralite is more 
intense and has corroded the plagioclase laths to a higher 
degree. No pyroxene is visible in the uralite. Accessory 
minerals dfffer slightly because sphene and ilmenite are 
present. 
The probable sequence of mineral crystallization in 
the gabbro is indicated in Table 13. Plagioclase had an 
early and extended period of crystallization. Augite may 
/ 
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have crystallized early and then may have reacted with 
deuteric solutions to form the uralite. The presence of 
light brown homblende and pale green uralite suggests that 
there may have been two phases of development . All other 
minerals appear to have developed late. 
TABLE 13 
PROBABLE MINERAL PARAGENESIS I N GABBRO 
Plagioclase 
Augite 
Hornblende 
Apatite 
Magnetite 
Sulfide 
-
-
Only one basic dike was located i n the quadrangle. It 
intrudes non•bedded phyllites of the Lost Brook Formation, 
'lbe two-foot thick dike strikes N. 70° E. and dips 85° to 
the southeast. The black rock is too fine-grained for modal 
analysis by microscopic t echniques. but some minerals can be 
recognized: plagioclase, augite1 hornblende, magnetite_, and 
calcite. The dike could represent an offshoot from the 
gabbro body located about 2 miles to the west . If this is 
the case, then the gabbro body could be considered younger 
t:han the metamorphic rocks because the dike cuts across the 
foliation. 
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Granitic Dikes., Sills, and Pegmatites 
The modal anaiyses of some grani.tic dikes are repre-
sented in Table 9. Although only analyses of granitic dikes 
are listed, many sills are present tn the l:egl.on. The 
structures are developed not only in the metamorphic rocks 
near the contacts of the granitic pluton, but are as well 
present in t he pluton, The most numerous exposures are in 
the vicinity of Vose Mountain (2-1). 
t1ost of the dikes in the metamorphic rocks tend to be 
sill-like in overall characteristics . Apparently , they gen-
erally follow along foliation or bedding trends and only 
locally transgress these structures along transverse frac-
tures. Because the foliation and bedding are steeply dip• 
ping and closely spaced, they probably provide zones of 
weakness for escaping magmatic products . 
The granitic dikes and sills generally show thin chill 
zones along their sharp contacts with the country rock . 
Black tourmaline and garnet are often concentrated in these 
contact zones~ In calcareous rocks invaded by the granitic 
material 1 calc-silicate minerals are concentrated in the 
contact zones of tne metamorphosed rocks. 
A number of aplite dlltes which are in parallel align-
ment cut the porphyritic granitic rock on Vose Mountain. 
The aplites average about one foot in thickness and can be 
traced continuously for distances up to 120 feet . 
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Pegmatitic rocks occur as dikes and irregular masses 
within the pluton and also as dikes tn the country rock near 
the plutonic contacts . 'lbe irregular pegmatite masse_s grad· 
ually grade into the granitic rocks . Minerals composing the 
pegmatites are; quartz, mt.crocli.ne, albite. and muscovite. 
Black tourmaline 1$ p~esent • whereas gamet may or may not 
occur. Pegmatitic zones are best exposed on Vose and Gilman 
Pond mountains-. 
The dikes, sills, and irregular zones probably repre• 
sent the last stages of crystallization of the pluton. Many 
of the numerous quartz veins in the rocks of this area were 
probably derived from the granitic pluton . These residual 
products of the cooling intrusive apparently collected in 
zones of weakness in the solidifying body and country rock 
and continued to crystallize into their final state. 
Conclusions 
ihe quartz monzonite and granodiorite rocks in the 
quadrangle represent the magmatically differentiated pro• 
ducts of an intrusive body. Irregular compositional varia• 
tions within the cooling body produced these rock types . 
The quartz d~orite and diorite of the border zone of t his 
pluton ~es~~~~d by reaction and assimilation of portions of 
the adjoining country rock. Porph)Tritie phases developed 
irregularly within the quartz monzonite and granodiorite 
rocks. as a result of ·local variations of the following 
I 
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factors: (1) degree of crystallization, (2) degree of 
viscosity, and (3) content of volatiles. An alignment of 
phenocrysts suggests flowage of the granitic material be-
cause the trends which were noted do not coincide with the 
trends of nearby metamcn:phic rocks . Dikes, sills, and 
irregular masses of granitic material are coumon and their 
trends tend to follow zones of structural weakness in the 
country rock and pluton. Quartz veins are very common and 
tend to follow foliation, bedding, and jointing in the 
country rock. Frequently, the foliation is deformed in the 
vicinity of quartz pods and veins. Granitic rocks are also 
cut by numerous quartz veins . Although some quartz veins 
may have been derived from the metamorphism of sediments, it 
is believed that in areas near the pluton the great majority 
represent late injections from the cooling granitic body. 
An introduction of some tourmaline into adjacent metamorphic 
rocks may have resulted from injection of some tourmaline• 
bearing quartz veins. Contact metamorphism, coupled with 
the disruption of the regional structural trends, has 
accompanied the emplacement of the pluton. 
The adjacent quadrangles contain granitic rocks. 
Moench (1954, p. 144) in the Phillips quadrangle and Cariani 
(1958, p .. 72) in the Anson quadrangle noted granitic rocks 
with similar characteristics as those of the Kingfield area. 
However, Moench (1954, P• 1}2) found 1n the Phillips stock 
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that "there was a two•phase generation, a two-phase injec-
tion, and a two•phase crystallization." According to Moench 
(1954, P• 144) the Redington pluton is composed of only a 
single phase with compositional variation within t.he phase. 
The granitic rocks of the K1ngf1eld quadrangl~ seem to 
correspond more closely to Moench's description of the 
Redington pluton. 
'!be gabbro body is so limited tn exposure in the quad• 
rangle that only a description of the Ini.mralogy and texture 
·of the rocks is justified. Its relation to the metamorphic 
roeks and the granitic pluton is unknown. 
The time of emplacement of the granitic pluton has 
been discussed in detail in the Correlation section of the 
previous chapter. Radioactive age..dating on large intrusive 
bodies near Kingfield by Hurley, Fairbairn, and Pinson 
(1958, P• 1591) indicated an average age of 385 million 
years. It is assumed that this age is applicable to the 
granitic pluton which may have been emplaced in Upper 
Devonian time in the Kingfield quadrangle" 
. ' 
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V. METAMORPHISM 
1ntr9duett.pn 
'lbe rocks have undergone the effects of regional and 
contact metamorphism. 'lhe orogeny which defor-Uled the rocks 
of northwestern Maine is presumed to have developed the min• 
erals which are characteristic of regional metamorphic zones 
accordiflg to grade (Billings, 1937, p. 543; 1950, P• 437). 
According to this classification the following minerals will 
develop successively as t he increased effects of metamorph-
ism are developed in argillaceous rocks: chlorite, biotite, 
garnet, staurolite, and sillimanite. Chlorite is assigned 
to the low•grade zone; biotite, garnet, and stauxolite com• 
prise the middle-grade zone; and sillimanite makes up the 
high•grade zone. The development of these zones in an area 
should generally reflect, neglecting the incompletely known 
consequences of stress and partial vapor pressure, the 
effects of increasing temperature and pressure. This 
classification ls applicable only to regionally metamorph· 
osed rocks. 
Because the quadrangle contains a granitic pluton 
which has affe<:ted the surrounding rocks, a second class1fi• 
' 
cation ls needed to describe the recrystallization of min• 
erals in a belt surrounding the intrusion. lbe intensity of 
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contact metamorphism increases progressively from the outer 
limits of the aureole toward the contacts. 'lbe progressive 
thermal metamorphism of argillaceous rocks has been elassi• 
fied by Harker (1932 1 P• 45·61) into three stages-•low• 
grade1 medium-grade, and high·g~ade-.•whieh are charaeterized 
by the development of certain minerals. The low•grade rocks 
are defined by the successive appearance of the following 
minerals: clots of chlorite or graphite, fine•grained bio-
tite, and porphyroblastic andalusite and cordi.erlte. In 
medi~grade zones the minerals are: muscovite and biotite 
in large flakes, garnett and andalusite and orthoclase. The 
high•grade zone contains sillimanite• orthoclase, and 
euhedral eordierite. 
The classification advocated by Billings (1950 , P• 46) 
has been applied ·eo the regionally metamorphosed rocks of 
this area, whereas Harker's system of def1n~ zones char-
acterized by the development of index minerals has been 
adopted for the eontact metamorphic rocks. Contact meta-
morphism has superimposed its effects on those features 
which were formed by regional metamot'phism. The contact 
metamorphic zones truncate the lsograds of regional meta• 
morphism. The intrusion of the pluton and the accompanying 
contact metamorphism are presumed to have taken place in the 
late stages of the orogeny. 
Regional metamorphism .developed minerals 1n the 
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quadrangle which are typical of the low-grade and middle• 
grade zones. Tile upper middle•grade zone .is marked by the 
development of staurolite in the central and west•central 
parts of the area . 'lbe minerals that are diagnostic of the 
low-grade zone••chlorite and seric!te••are extensively 
formed in the southeast and south part .of the quadrangle. 
Although an area with the chlorite-sericite assemblage 
occurs in the northwest corner, it is probably the result of 
low-grade contact metamorphic processes which developed 
their minerals in rocks that had reached middle-grade inten• 
sity of regional metamorphis~·in effect, retrograde meta-
morphism. Thus, the minerals characteristic of the inten• 
sity of regional metamorphism generally suggest an increase 
toward the northwest. 
The zones of contact metamorphism are rather imper-
fectly known in the quadrangle. The striking development of 
andalusite porphyroblasts 1n rocks of a zone that generally 
trends parallel to the granitic plutonic contacts ts sugges• 
tive of the low•grade zone of thermal metamorphism. Musco-
vite, biotite, and garnet occur in rocks closer to the plu· 
tonic contacts. Andalusite also is developed but in crys-
tals which are smaller in size, more numerous, and in a sub-
parallel alignment within foliation planes. Because these 
minerals occur in widely spaced outcrops, the extent of the 
medium-grade zone is only approximately known,. Sillimanite, 
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which is indicative of the high-grade thermal metamorphic 
zone was identified in only three specimens located near the 
contacts. Although the high-grade zone is present in the 
area, the extent and form is not known. Qu~rtz is present 
in all metamorphic rocks. 
Cordierite was not identified in any rocks despite a 
continued effort which was made to detect its presence. 
According to Schreyer (1958·59, p . 98) cordierite may have 
developed in t he contact metamorphic rocks and then altered 
to greenish products--pinite-·which consist of an intimate 
i n tergrowth of muscovit e and chlorite. Sericite-muscovite 
and chlorite aggregates do occur in some sections of rocks 
from t he contact metamorphic zones. The absence of cordier-
ite has also been explained by Schreyer and Yoder (1958-59, 
p . 104) who state: 
The experimental findings suggest t hat t here are two 
mai n reasons for the absence of cordierite in these a r eas 
( regional metamorphic rocks]: the temperatures even in 
the highest zones of the area were below the l ower sta• 
bility limit of cordierite; and the pressures Ullder which 
t hese rocks wer e formed, with or without water present, 
were higher than those at wh1ch cordierite breaks down 
i nto other hydrous or anhydrous phases. 
RegioQAl metamgrphiem 
Under the effects of a change in pressure• tempera-
ture, stress, or chemical environment regional metamorphism 
has altered the original sedimentary rocks of this area by 
developing new fabrics, structures; and minerals. The 
I 
I 
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characteristics of the metamorphic minerals are described 1n 
detail in an earlier section--Lithology and Stratigraphy. 
The zones of regional metamorphism are depicted on the 
Metamorphic Isograd Map ( Figure Ill). Isograds have been 
drawn be~1een t he follo~~ minerals: (1) chlorite-sericite 
and biotite-sericite , (2) biotite-sericite and garnet, and 
(3) garnet and staurolite. 
Chlorite, t he index mineral of the lo\-1-grade zone, is 
widely distributed in t he area. It occur s as porphyroblasts 
in the sericite-quartz matrix .of spotted schist and phyllite, 
as ~~ alteration product of biotite and garnet , and a s 
shreddy flakes in contact metamorphosed rocks ~mich are ad• 
j acent to the pluton. Despite t he .wide distribution which 
lessens its significance as an index mineral , a slight 
difference in appearance exists between the chlorite 1n the 
southeast and northwest corners of · the area. 
Chlorite of the southeast area t ends to occur as very 
small shreds or as small tabular porphyroblasts . These 
crystals have the following characteristics: (1) a faint 
green color, (2) weak pleochroism; (3) low interference 
colors, (4) di~seminated graphite inclusions, and (5) very 
small grain size-. 'lh1s chlorite foli:IFed imder conditions of 
low-grade regional metamorphism. 
The tendency for chlorite to fonn clots 1n the rocks 
of the northwest comer i mparts a spotted appearance to the 
I ---- ________ .-c. 
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schists and phyllites. The characteristics of this chlorite 
are$ (1) strong green eolor6 (2) strong pleochroism, (3) 
typical "Berlin blue" interference color, (4) zircon and 
magnetite inclusions, and (5) large crystal size. The prop-
erties of this cluortte indicate that the variety is penn1n• 
ite. Thin seet1on study indicates that the partial altera• 
tion of biotite to penn1n1te is common. A complete replace-
ment of the biotite by chlorite is indicated by the presence 
of zircon inclusions in t he chlorite. This could have re• 
sulted by retrograde metamo1~hism during the l a te stages of 
contact metamorphism. 
Biotite is considered the index mineral for the lower 
part of the middle-grade zone of regional metamorphism. 
Under these circumstances the biotite occurs as brown flakes 
and shreds in random orientation. In some phyl lites t he 
disseminated biotite porphyroblasts are oval and up to 1.-2 
mm. in diameter- These pleochroic brown crystals in the 
serle1te•quartz-eat"bon matrix give a spotted look to the 
thin section. Thin ligh~-colored zones t in which carbon-
aceous material is absent, surround the irregular margins of 
these crystals. A common occurrenc:e of biotite is as very 
irregular flakes which are p.oikiloblastic and disseminated 
1n an unortented fashion. Although these flakes average 
only 0.25 mm. in diameter• they may compose up to 40 per 
~ent of the quart2•chlo+ite-Qarbon matrix. Some phyllites 
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contain thin bands of . tiny elongate shreds of biotite that 
have. the appearance of relict bedding planes. 
Middle-grade regional metamorphism is indi'cated by the 
appearance of pink g.amet porphyroblasts which are generally 
euhedral in crystal outline. Chlortte freq\lelltly replaces 
the garnet in 'Varying degrees (Figure 15) . Some gamets are 
very irregular in outline and contain numerous inclusions of 
quartz and magnetite. No rounded detrital garnets were 
identified even though , as in the Allen Pinnacle area (4•5), 
the crystals may occasi.onally be concentrated in zones 
amount ing t o 10 per cent of the rock . These crystals are 
subhedral or oval in outline but contain poikiloblastic in• 
elusions of quartz and magnetite which are aligned with 
other oriented minerals of the matrix. 
The maximum grade of regional metamorphism attained in 
the area 1s represented by staurolite in the upper middle• 
grade ~k~. The most com:non occurrenc e is as unol:'iented 
euhedral crystals with nume40Us elongate inclusions of 
quartz and magnetite which a~e aligned in parallel orienta• 
tion to the fol1ation of tne section. The margins of these 
crystals are unaltered.- Staurolite may be more widely dis• 
trtbuted than 1ndicated because replacement by sericite may 
be so ·complete that the pseudomorph can easily be mistaken 
as andalusite .• 
Moeneh (1954t P• 20S) and Cariani (1958, P• 76) have 
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noted the presence of staurolite with andalusite in the 
rocks of their respective quadrangles . Cariani (1958 1 p . 
77) suggests that this is indicative of polymetamorphism in 
which contact metamorphic effects•-as represented by anda-
lusite-•were developed in the stau~lite zone o f regional 
metamorphism. Specimen K-293 ( Figure 4) was taken from a 
l~b located on t he east side of the Tufts Pond road (1-3) 
about one mile from Route 27 . Thin section study shows 
euhedral goldenooyello\v staurolite disseminated in a schist 
t-lhich also contains incipient andalusite porphyroblasts. 
nle andalusite is developing ill the quartz- sericite matrix 
and not at the expense of t he staurolite.. These rocks are 
located near the contact metamorphic aureole in which anda-
lusite is so prevalent.. I n other stau't'olite-bearing rocks 
which are regionally metamorphosed andalusite was not ded 
tected. 'nlis is suggestive t hat the development of anda-
lusite in t he presence of staurolite is related to t he low-
grade contact metamorphic zon e induced by the intrusion dur-
ing the late stages of the regional metamorphism. This is 
in agreement with Cariani's findings . 
C9ntact,met~norpQl§~ 
Contact metamorphism i s believed t o have developed 1n 
the rocks by t he eff~es of heat in t he vicinity of t he plu .. 
ton . Although there a re evidences that the pluton over• 
turnedt truncated• and deflected bedding trends in the 
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vicinity of the body, the effects of stress are subordiP~te 
·to those of telll'erature. Under conditions o f contact meta-
morphism (Tumer and Verhoogen, 19601 P• 509) temperatures 
may range f rom · 300° to 800° c.; load pressur.es tna)' extend 
f:rom 100 ·eo 3,000 bat's; and water pressures can be quite 
variable. 
The low-grade ~ontact metamorphic zone is represented 
in the area by the development of fascicular clots of green 
chlorite which impart a spotted look to the phyllites and 
schists.. Othet: mi,nerals-.,.finc-g.rained ·biotite and po rpbyro• 
blastic andalusite••\>Jhich are typical of this zone are well• 
developed. The biotite occurs as pale reddish-brown plates 
and as minute shreds scattered throughout the matriK.. Anda-
lusite develops as incipient poikiloblastic crystals t-7hich 
are unaltered. In other rocks sericite completely replaces 
large andalusite crystals which are in a criss-cross arrange-
ment within the foliation planes ( Figure 3). 
Rocks 1n the medium-grade zone Qomroonly contain the 
muscovite-biotite•chiastolite ass~lage (Figure 14),. As 
the contacts of the pluton ~re approache<l gamet is added to 
the assemblage. Foliation in these rocks is extremely well• 
de.velope<l.- Chiastolttes are smalla. .in size than those in 
the outer parts of the ~ne. These crystals axe aU .. gned 
within the fol1at~o~ Crinkles a~e also formed 1n the 
foliation plane$. 
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Th.e high-grade zone is locally developed t\lhen crenu-
lated fibrous sillimanite occurs with muscovite-biotite-
gar.nct-andalusite. nle sil11manite fo Dns in biotite and tn 
muscovite, and to a lesser extent bt the quartz. Although 
these rocks teud to have a decussate fabric, they are so 
coarse-gl:'ained that a true hornfelsic fabric is not devel -
oped (Figure 19) , Several grains of plagioclase are present 
in one or two t hin sections. 
Calcite and siderite occur in the chlorite-sericite 
rocks of t he low-grade zone in t he southern part of t he 
area. These minerals do not tend to occur wi th one another 
in the same rock.. Most of the carbonate-bea r ing rocks of the 
southeastem comer con tain grains and interstitial masses of 
siderit e. Irregular patc:hes o f siderite are l ess common in 
t he other calcar eous rocks . Only in one area--West Mills 
(9- 9)-... are calcite and stderite present in the same strata. 
Minute reddish-brown sidarite grains are scattered through 
interstitial calcite masses . Siderite does not persist in 
rocks of the biotite-sericite middle-grade zone, but calcite 
occurs as large anhedral grains which are sometimes twinned, 
In ,the garnet zone and 1n the staurolite zone calcite 1s 
. ' 
absent. Eltner the original sediments were not carbonate• 
bearing or the calcium takes part 1n the formati.on of garnet 
with a composition of grossularite. 
Calc•s111cate minerals are developed almost exclusively 
I 
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in calcareous rocks located near th~ contacts of the pluton 
or in t he outer fringes of the contact metamorphic aureole. 
Only 1n ~ne u1stance--a limestone outcrop 1n Valley Stream 
near t he to~m of Strong (7-4)•-were calc-silicate minerals 
definitely i dentified 1n rocks not located near the pluton. 
This outcrop is, ho""VTever, located near the .garnet isograd of 
regional met~~rphism. Tremolite•actinolite, zoisite• 
clinozoisite• sphene, and gamet eonunonly compose t hese 
rocks . Calci te and some biotite are associated minerals . 
A contact met amorphic aureole apparently i s not devel-
oped at t he margins of the gabbroic body. Rocks near this 
gabbro contaL~ spotted chlorite schists &,d are presumed to 
be in the outer part of the low-grade zone of the metamorphic: 
aureol e ~elated t o the granitic pluton. Alt hough deuteric 
alteration has been suggested in an earlier section as the 
process for the origin of the uralite, it may well have de~ 
veloped f r om the activity of regional metarorphism. The 
gabbro may have been intruded i nto the sediments i n the 
early s tages o f reg:iorial metamorphism and undergone high-
grade effects at a later time. In this zone, according to 
Fyfe ., Turner, and Verhoogen (1958• P• 228) ·the metaliiQrphic 
products of basic igneous r~k consist hornblende and 
calcium-bearing plagioclase with or without eplc;loteo~~ ... the 
almandine BJQphibolite facies . In this facies (Turner and 
Verhoogen, 1960 • P • 553) the temperature ranges fs:om 550° to 
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750° c., with pressures between 4 1000 and 8,000 bars. Be• 
cause regional met~rphism generally increases in intensity 
l 
nortm-1e-stvJard :1m this_ quacttangle. this uralite-rich rook may 
represent the maximum g~ade attained. In this event the 
gabbroic body ~1ould be o l der in age than the granitic 
pluton. 
Carkonate- sulfi de r el ations 
Disseminated pyrite and (or) pyrrhotite are wide-
spread in t he rocks of t he Phillips, Anson , and Kingfield 
quadrangles . Both ~~ench (1954 , P• 251-280) and Cariani 
(1958 1 p . 82·102) have presented det ailed explanations con• 
cerning t he origin of these minerals . In additi on , Cariani 
discussed t he r elation of the siderite-calcite assemblage to 
the iron sulfide mineral s . 
~~ench (1954, P• 277-278 ) suggested tha t syngenetic 
pyrite developed in sapropelic sediments \vhich were l ater-
subjected to the effects of regional metan~rphism. The 
hoench (195ft., P• 277) occurs at low tetnperatures and low 
partial pres sures of sulfur because t he sulfur vapor escaped 
i n numerous channeh-1ays as rapidly as it was generated dur-
ing the slow rat e of heating induced by regional metamorph• 
ism. In those rocks ~vhich were only slightly affected by 
regional metan~rphism the syngenetic pyrite remained stable 
to a high t emperature u1 later contact metamorphism because 
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a more rapid heating rate created a hi gher partial pressure 
of sulfur. Thus. according to Moench' s hypothesis t he 
pyrrhotite is the product of t he dissociat i on of syngenetic 
pyrite under increasing pressures and tempe~atures of re-
gional and (or) contact metamorphism. 
Cariani (1958 1 p . 83-84) noted a relation between the 
presence o f siderite and the sulfide minerals in the Anson 
quadrangle. With the aid of stability diagrams derived by 
Krumbein and Garrels (1952, P• 1-33) Cariani explained the 
development of calcite- s iderite-pyrite in terms of the ini-
t ial oxidation- potential (Eh) and the pH of the sedimentary 
environment. Rocks with abundant calcite a re presumed to 
have developed in a sedimentary environment \vith a pH 
greater than 7.8 . Significant amount s of siderite or pyrite 
may have formed when the pH was higher than 7. 0 and the Eh 
was negative. Cariani reasoned further that if the original 
sedimentary environment had a high nega tive Eh value amorph· 
ous FeS could form and be preserved until subsequent meta-
morphic processes converted it to pyrrhotite. I n other 
environments with different Eh·pH values pyrite could form 
and remain stable during the early stages of subsequent 
metamorphism. Kullerud and Yoder (1959 1 p . 534-572) studied 
the reaction pyrite < pyrrhotite + liquid (or gas) up to 
5,000 bars and provided information on the stability of 
pyrite up to 743° c. and about 10 bars at which point the 
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pyrite melts incongruently to pyrrhotite, liquid, and vapor. 
From t heir experiments Kullerud and Yod~r (1959, p . 566) 
found that ttthe presence or absence of pyrrhotite in a 
pyrite-bearing assemblage is a function of the bulk composi-
tion and not temperature as is commonly assumed. " Car1ani 
applied this reasoning to pyrite-pyrrhotite assemblages in 
his quadrangle which evidently are not related to the meta-
morphic environment. 
In t he Kingfield quadrangle pyrite and pyrrhotite 
occur in significant amounts in the Parmachenee Forn~tion, 
whereas t he lower beds of the Madrid Formation contain small 
quantities . In the low- and middl e-grade zones of regional 
metamorphism t hese rocks contain disseminated pyrite as 
cubes and as irregular crystalline aggregates in the folia-
tion . Pyrrhotite is present in the Parmachenee rock s of the 
middle-grade zone as oriented elongate aggregates aligned in 
the foliation (Figure 10) . Only traces of pyrrhotite occur 
in the low- grade rocks. wben sulfides are present in the 
contact metamorphic zones, elongate pyrrhotite patches, 
which are associated with· quartz and muscovite• predominabe. 
Some rocks of .these ,zon.es contain traces of anhedral pyrite 
grains. A sect .ion ('X-2.51) ·of a specimen taken from a hill• 
top located about 0.7 miles west of Talcott School (6·7) re-
veals disseminated pyrite cubes and. el.ongate patches of 
pyrrhotite as present together in the same rock but not 
/ 
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associated with each other. The predominant pyrite cubes 
are undistorted and unoriented but they do transect the 
foliation. The pyrrhotite aggregates are in preferred 
orientation with the foliation. Because there is no evi-
dence of a reaction between the two minerals, apparently the 
pyrrhotite did not develop from the dissociation of the py• 
rite. Other explanations which may apply to this case are: 
(1) the pyrrhotite was hydrothermally introduced; or (2) the 
pyrrhotite was an authigenic mineral. Because t here are no 
evidences of sulfides associated with hydrothermal activity 
in the quadrangle and because the formation of pyrrhotite 
and pyrite und~r low temperatures in a sedimentary environ• 
ment has been verified in the literature (Huber, 1958, p . 
129; Garrels, 1960 1 p. 143-156), the latter explanation is 
plausible. Evidently, the original Eh·pH conditions were 
such that the environmental position was located on the 
boundary of the stability fields of pyrite and pyrrhotite. 
Huber (1958 1 p. 129) states that "a position on any of the 
field boundaries would indicate that the adjacent minerals 
were 1n equilibrium with each other and could exist 
together~" 
In his study of the Anson quadrangle Cariani (1958, p. 
83•84) made several broad generalizations wh1ch apply as 
well to the siderite-iron sulfide relations in the Kingfield 
area,. Cariani stated that: 
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(1) Siderite is restricted to the low-grade meta-
morphic zones. It usually occurs in the arenaceous lime-
stones or limy sandstones. The greatest concentrations 
are found in the coarser beds. ·This may be a function of 
porosity. ---(2) Usually siderite occurs without a sulfide within 
individual beds even though a iulfide may be found in the 
adjacent beds. 
(3) When a sulfide does occur with siderite, it 
generally is pyrlte rather than pyrrhotite. 
(4) Many of the beds which contain siderite contain 
notable amounts of ilmenite • • • • 
(S) There is a tendency for sulfides to decrease as 
siderite increases. 
(6) The siderite generally occurs in euhedral rhombs. 
In the weathered beds only the rhombic voids may remain 
rimmed by limonite • • • • (7) In some thin sections siderite occurs without 
calcite. In others calcite is the more conspicuous car-
bonate. 
(8) The pyrite and pyrrhotite concentrations are 
greater in the black, carbonaceous shales. 
Siderite is restricted 1n occurrence to the southern 
part of the quadrangle.. The rocks of the southeastern 
comer generally contain the largest amounts of the mineral, 
but there are a few outcrops with small amounts near 
Hartwell Intervale (7•5). The mineral is restricted to the 
low- and lower middle• grade regional metamorphic zones . 
Although calcite occurs in varying amounts in many of the 
rocks of the southern half of the quadrangle, it is not 
found in the garnet or staurolite zones of regional meta• 
morphism. Calcite is represented most commonly as lime 
silicate minerals in the contact metamorphic zones, but some 
sections from these zones show calcite present with lime• 
silicate minerals. There may have been an excess of calcite 
in these rocks or the reaction may not have gone to 
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completion. 
As suggested by Moench (1954, P• 274-275) and by 
Cariani (1958, P• 84•89) in their studies of their respec• 
tive quadrangles• iron sulfides originated syngenetically 
rather than metasomatically. No good evidences of hydro-
tne~1 aetivitt are associated with the sulfides in this 
quadrangle- Quartz veins which are abundant throughout the 
entire area are conspicuously barren of any sulfides. These 
minerals are widely disseminated in small quantities as 
crystals and aggregates in only a few horizons of the sedi-
mentary beds which are similar in nature to other know"'l 
sedimentary sulfide deposits of the Earth. Based on these 
characteristics, a syngenetic origin for the sulfides in the 
quadrangle is indicated and is in agreement with the con-
clusions of Ault (1959, P• 247) who states: 
· The best criteria for identification of sulfides as 
being sedimentary in origin contemporaneous with the geo• 
logic fotmations are sulfide concretions and i.ron sulfide 
crystals disseminated throughout the strata with no evi• 
dence of hydrothermal activity. 
The distribution and characteristics of the iron-
sulfides of this quadrangle are in i:lose agreement with 
those described by Cariani (1958; p~ 83·85). Pyrite, sider• 
ite, and calcite develop, according to Cartani (1958, P• 
86•94) as syngen~ti.e minerals in the ortglnal sedimentacy 
environment under conditions of varying Eh and pH. Pyrrho• 
tite would deve~op during metamorphism t.f the initial 
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composition of the syngenetic sulfide was amorphous FeS 
rather than Fes2 (Cariani, 1958, P• 100•102). As a result 
of their investigation of pyrite stability relations in the 
Fe-S system, Kullerud and Yoder (1959, P• 566·567) state 
that ttthe presence or absence 'of pyrrhotite in pyrite 
assemblages will again depend on the bulk composition. u In 
addition, pyrrhotite can form authigenically in some sedi• 
ments (Kullerud and Yoder, 1959, p. 568) because pyrite is 
unstable at very loW vapor pressures. ntis authigenic 
origin for some pyrrhotite is supported by the thermodynamic 
calculations of Garrels (1960, P• 156) who states that 
"pyrrhotite appears as a stable phase under strongly reduc-
, 
tng conditions at pH~ 8, and the area of 'solubility' in• 
creases markedly on the acid side." On the basis of these 
independent findings the writer believes that a small amount 
of the pyrrhotite in the Kingfield quadrangle could have de-
veloped as an authigenic mineral in the original sediments. 
That this amount is usually small is demonstrated by Garrels 
(1960, P• 158) who states: 
Figure 6.21 shows the relations when £co2 = 10°• and ~ S = 10·6, and serves to illustrate that if siderite is 
to have an important field of stability, dissolved carbon-
ate must be very high and reduced sulfur extremely low, 
Under these conditions the field of pyrrhotite is elimi-
nated, but a considerable field of pyrite remains. Note 
that the siderite, under these conditions, may be a 
criterion of very strongly re~ing epnfl.i~ions• or. of 
moderately reducing conditions·. 81\d ~ts pJ:~sene~ ~ many 
iron ores apparently indicates the e·ss·endal· abs@ce of 
appreciable bivalent sulfur and the presence of 
. / 
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relatively large amounts of dissolved carbonate .• 
In eonelusion, from the distribution and relations of 
siderite, calelte, pyri·te• and pyrrhotite in the rocks of 
thls area and their marked similarities to the occurrences 
in the Anson quadrangle, it is reasonable to assume that 
cartani t s detailed explanation for the origin of these min• 
~rats can be applied 1n the Klngfield quadrangle. Calcite• 
sid~rite, and pyrite developed in ~esponse to the initial 
Eh•pH conditions in the sedimentaey environment. Pyrrhotite 
and (or) pyrite formed under metamorphic conditions depend-
lng on the initial bulk composition of the syngenetic sul-
fides. Small amounts of pyrrhotite may have developed as an 
authigenic min~l under favorable Eh•pH conditions during 
sedimentation. 
160 
VI • STRUCTURE 
Intiodugtion 
The structure of the. Kingfie14 quadrangle is complex. 
The rocks of the area are strongly folded and probably 
faulted; the intrusion of plutonic bodies of igneous rook 
further complicated the structure. An accurate objective 
interpretation of this type of structure should be based on 
studies of widely distributed and numerous exposures of bed-
rock hTf. t h three dimensions visible. Unfortunately, t hese 
basic requirements are not frequently found in this 
quadr angle. 
Bedrock crops out generally on hilltops, in stream 
channels, and along road cuts. Intervening areas of large 
areal extent ar7 commonly devoid of outcrops because of a 
thick drift cover and numerous deposits of recent alluvium~ 
Many outcrops were probably never found because of the heavy 
forest cover Which is characteristic of the region. n1e lack 
of geologic information in these areas required numerous ex-
trapolations and interpolations in depicting the structure. 
Some structural trends were extended across these areas for 
distances of 2 or 3 miles without control; this was, at best, 
a hazardous procedure which resulted in a completely sub-
jective interpretation. 
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The depiction of the structure was based on the fol-
lowing criteria: (l) attitudes of bedding• (2) intersec-
tions of foliation and bedding , (3) attitudes of minor 
folds, and (4) str9-t:t.graphy. Because of the scarcity of 
minor folds in the outcrops and of the general parallelism 
of the foliat!on and bedding t reliance was placed princi-
pally on the bedding attitudes and preconceived concepts of 
the stratigraphy. 
A striking feature is t he wide areal distribution of 
t he Madrid Formation interspersed with narrow subparallel 
ban9s of t he Parmachenee Formation. Undoubtedl y, folding of 
some kind has been developed in the quadrangle by which the 
stratigraphic rock units have been repeated and apparently 
thickened~ The major problem is to explain the nature of 
the folding in t erms of t he processes of a theory which can 
reconcile and correlate the facts that are evident in t he 
.~eddJ..ng, 
Bedding is visible in several ways in the rocks of the 
area mapped. ~en a succession o~ alternating thick quartz-
ite and t hin schist strata occur , the bedding is especially 
well-defined. Other easily mappable rock units are composed 
of sequences of; (1) t hi n quartzitss and thin schists• ( 2) 
thin limestones and thin slates , and (3) quartzites and t h in 
schists, , both rich in sulfides. Bedding is not so apparent,. 
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however, in many exposures, particularly in those dominantly 
composed of thick slate, phyllite, or schist strata~ Origi• 
nal s light sedimentary variations of texture or color in 
these strata have often been further obscured by metamor• 
phism and deformation so that only the secondary foliation 
can be mapped. In some of these thick sections a close ex-
amination may occasionally reveal the presence of a sporadic 
thin bed of quartzite from Which the attitude of the bedding 
can be plotted, This condition is exemplified by the slate 
outcrop about l mile west of the town of Strong on the south 
side of the road at Dyer Hill (7-5) . In a few other cases 
good exposures of bedrock will show alternating bands rich 
i n andalusite or staurolite porphyroblasts gradually grading 
i nt o bands with markedly less concentrations of these mi n-
erals~ This is a form of relict bedding by \vhich the origi-
nal sedimentary structure was preserved and acoenb.lated by 
t he metamorphic processes . The impoverished bands represent 
the sandy bottom portions of thin beds t hat contained much 
silica and enough alumina to form some staurolite or andalu-
site crystals during metamorphism, whereas t he rich bands 
represent the clayey top parts with much alumina and silica 
~o form many porphyroblasts . Even in vertical beds this 
criterion can be used to determine in which direction t he 
younger beds 11.~ A large, fresh outcrop i n which these 
features can be clearly noted is located on the east bank of 
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the Carrabassett River (1·3) about 2. 5 miles north of the 
town of Kingfield. 
Graded bedding was noted in only a few outcrops which 
are well•exposed and water polished.. These are generally 
found in the stream outcrops in the southern part of the 
quadrangle. This primary sedimentary structure can best be 
seen in the rock strata located along the banks of Falls 
Brook at West Mills (9- 9) where several quartzite beds con-
tain grits that grade upward into fine-grained quartzites. 
Only infrequently could graded bedding be determined with 
any certainty in most of t he outcrops located i n t he woods. 
These exposures are commonly well weathered and almost com-
pletely covered With organic material and weat hered till. 
In such localities it was even difficult to determine t he 
· bedding plane attitudes; in many cases it was difficult to 
distinguish between bedding and schistosity. No cross 
bedding was noted. 
Many outcrops Which are composed of interbedded quartz-
ites and slaty schists display surfaces with a washboard or 
rifflebqard structure consisting 9f a series of alternating 
parallel grooves and ridges, often induced by glaciation. 
-~ecause the. slaty schists are less resistant to erosion; 
they form the grooves between the r~sistant quartzite beds. 
Several outcrqps with this corrugated type of surface are 
located in the pastures about o.s miles south of Dyer Hill 
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A striking feature of the quadrangle is the consistent 
northeasterly_ trend of the very steeply dipping bedding, 
This feature is not unique to the Kingfield area for it is 
found in the adjoining Phillips and Anson quadrangles as 
well as in several others (Wolfe• 1956, p .. 1745). Only four 
areas in the entire quadrangle have outcrops with bedding 
attitudes that deviate from this regional trend1 On the 
south slopes of Vose Mountain (2•1) many beds of schists and 
quartzites have northwest trends which may have been devel-
oped by the intrusion of the nearby granitic pluton. Beds . 
are overturned to the southwest, and the foliation dips 
southwest with angles that are flatter than usual. On a . 
hill about 1 mile northeast of Kingfield (2-4) strongly 
fractured quartzites strike northwest. Although no minor 
folds were noted in the outcrop , the trends ·of these beds 
may indicate that they are on the nose of a large fold that 
plunges to the northeast, or that the beds have been dis-
rupted by the plutonic intrusion. Possible outcrops on t he 
north side of Route 16 about 2 miles east of Kingfield (2-5) 
composed of lime• silic-ate quartzites have bedding with north-
west trends that have probably been developed by the emplace-
m.ent of the pluton. Along Healey Brook (3·3) the granitic 
rocks enclose a block of interbedded quartzites and schists 
that t rend northwest. 
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A s tatistical plot of the poles of 350 bedding planes 
on the lower hemisphere of a Schmidt equal area net (Figure 
24) shows a strong maximum trending N. 51° E. and ranging in 
dip to the northwest from 80 to 90°. This corresponds with 
the vertical bedding trends of N. 50°E. in the adjoining 
Phillips quadrangle (Moench, 1954, p. 89) 1 whereas it corre• 
sponds closely with the steep bedding trends of N. 42° E. in 
the Anson quadrangle (Cariani, 1958.1 p. 104). The similar 
bedding trends in the Phillips and Kingfield quadrangles 
deviate about 9 degrees from those of the Anson quadrangle 
which, according to Wolfe (written communication), more 
faithfully reflect the regional trends. Plutonic intrusions 
to the north of the Phillips and Kingfield areas have de-
flected the bedding in a more easterly direction. 
Although the average trend of tbe bedding planes is 
N. 51° E. with very steep dips to the northwest, there is a 
range of deviation as much as 30 degrees to the north or 
south of this average. Over a large area near East New 
Portland (6·2) widely distributed outcrops are composed of 
beds that have more easterly trends. These beds deviate 
slightly from the regional trend because of the intrusion of 
the granitic pluton which pushed aside some of the country 
rock during emplacement. 
The average dip of the bedding planes ranges from 82° 
northwest to the vertical. It should be noted, however, 
I 
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Figure 24. Bedding of the metamorphic rocks ( 350 poles plotted). 
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that some areas have beds that dip steeply to the southeast •. 
The beds around Welcome Hill (5•1) show this very welL. The 
beds around Rand School (9-5) show repeated reversals of dip; 
a few reversals also occur in the area east of Day Mountain 
{7~7)& These changes in dip of the beds within relatively 
short distances strongly suggest that they have been caused 
by infolding of the beds within the ~~drid Formation. It is 
this repetition of beds by folding on a major scale t hat im-
parts such a great apparent thickn~ss to the Madrid Formation, 
The formational contacts have been represented in a 
very general way for several reasons; {1) the outcrops are 
of very limited areal extent; (2) t he distribution of out• 
crops is very uneven; (3) no key beds could be traced 
throughout the area; (4) beds near the co11tacts probably 
interfinger vertically lvi th one anoth er and have lateral 
facies changes; and (5) more tight folding probably exists 
than was recognized. With better control, undoubtedly, the 
contacts between the formations would have been represented 
by much more crenulation than has been depicted on the geo• 
logic map. 
Only tvK> large outcrops of metamorphic rocks were 
found in the entire quadrangle. The largest is at West 
Mills (9-9) where Falls Brook flows across and along the 
strike of beds that comprise about 1.100 feet of strata, 
Because the beds in this locality are fresh. water ... polished• 
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and exposed in three dimensions. the outarop is t h e best of 
all for structural and lithologic studies. The second large 
O!ltcrop is located at East New Portland (6-3) i n the Carra-
hassett River.. This outcrop extends from the bridge east-
ward for about lt700 feet, but mueh of the exposure trends 
along the strike of the beds so tha:t only a few hundred feet 
of actual strata are exposed. 
Foliation 
The term foliation is used in this paper to include 
all planar elements of secondary origin t.Jhich have been de-
veloped in the metasedimentary rocks. This is best exempli-
fied in the rocks of this quadrangle by the development of a 
parallel orientation of minerals with tabular or platy 
shapes. This parallelism i mparts to the rocks a capacity to 
break along essentially pa~allel surfaces--cleavage. 
Two types of cleavage•-schistosity and slip cleavage•-
have been developed i n the area. The most well-developed 
and most commonly occurring cleavage is a p lanar structure 
called nsehistosity" which is due to mineral parallelism, 
both on a megascopic and a microscopic scale. This cleavage 
often involves a crystallographic orientation of t he mica-
ceous minerals as well as a dimensional orientation of non-
micaceous minerals-. such as quartz, calcite, tourmaline, 
staurolite, andalusite, pyrite., and pyrrhotite. 
Schistosity is more or less parallel to the bedding in 
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most of the exposures of the metamorphic rocks throughout 
the area. This rel ation is shown very well by a comparison 
of the contour diagram of bedding plane poles (Figure 24) 
with a similar type of contour diagram of th.e cleavage plane 
poles (Figure 25) ,. It has been noted that the bedding 
pl anes tre."1d N. 51° E. and dip north~vest from 82° to 90°. 
The single maximum concentration of poles in the cleavage 
diagram (280 poles plotted) indicates that the average trend 
of the cl eavage is N. 44° E~ with an average dip of 85° to 
t he northwest . Practically all of these cleavage poles are 
those of the schistosity cleavage. This statistical compari• 
son of the attitudes of bedding and cleavage agrees with the 
fact that they appear parallel in most of the outcrops . The 
7 degrees deviation probably has no significance. 
In some localities the schistosity cuts the bedding at 
small angles so that the intersections of the bedding and 
schistosity can be measured as a linear structure . In a few 
minor folds the schistosity can be seen to pass gradually 
from parallelism with the bedding on t he limbs to parallelism 
with t he axial pl&,e of the fold on the nose . (Figure 26). 
This relation indicates that the schistosity is of tectonic 
origin. A minor fold with t hese relations can be seen in an 
outcrop which is located on a hilltop (1-3) about 0.5 miles 
east of Tufts Pond. 
1he noses of large folds are not found in t he area. It 
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Fi gure 2.5. Cleavage in the metamorphic rocks (280 poles plotted ). 
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Figure Z6.--TI1e crest of an overturned asymmetrical antic line 
devel oped in i n terbedded quartzite and schists in an exposur e of the 
Parmachenee Formation in F.'alls Brook 0 . 5 mi l e upstream from Wes t 
Hills . i.~o te the thinning and intense frac t uring of the l ess steepl y 
inclined limb. Schists are thickened on the crests . 
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is assumed, however, that the schistosity-bedding relations 
which exist in the minor folds also exist in the major 
folds. The parallelism of the schistosity and bedding 
should occur 1n the limbs of close major folds as well as in 
the minor folds if both types of folds have a common origin, 
The schistosity is, therefore, probably the result of tee• 
tonic deformation during regional metamorphism and not the 
result of mimetic crystallization or of load metamorphism, 
Several outcrops have a second cleavage superimposed 
on the schistosity in slaty beds . This second cleavage is 
the slip cleavage which is characterized by subparallel 
planes a long which movement took place, and they range in 
size from sharp microfolds to microfaults. The planes are 
generally spaced 1 to 5 mm. apart. ~fuen schistosity and 
slip cleavage occur together , a distinction can be made be-
tween them because the micas and other platy minerals in the 
schistosity that lie between the slip cleavage planes will 
tend to be oriented in relation to the earlier deformation. 
Commonly, in the planes of the slip cleavage parallel micas 
will be streaked out and concentrated. 
The slaty argillites and phyllites sometimes show 
these cleavages in the outcrops . In this quadrangle only 
about 20 outcrops were noted to have the slip cleavages that 
generally strike northeast and dip at shallow angles to the 
northwest. Their trends are noticeably different from those 
173 
of the subparallel bedding and schistosity so that the 
intersections form a marked lineation in the bedding and 
schistosity planes. Outcrops ~ath these cleavages char-
acteristically develop small triangular rock fragments upon 
weathering. These cleavages can best be seen in the out• 
crops on Dyer Hill (7·5). 
Moench (1954, P• 108) noted a ttpseudo-cleavage" in the 
Phillips quadrangle. The structure dips at a low angle to 
the southeast at right angles to the major structural trends. 
He interpreted this as a late stage deformation in the re-
gional metamorphism, possibly a type of thrusting from the 
southeast. 
The ••pseudo-cleavage" of the Phillips area may corre-
spond to the slip cleavage noted in the Kingfield quadrangle. 
If they are the same, then a problem arises because in the 
Kingfield area the slip cleavage dips northwest at low 
angles in a direction perpendicular to the strike of the re-
gional structure. This can be interpreted as thrusting from 
the northwest during the late stages of regional metamorph-
ism. This conclusion is supported by the fact that most of 
the bedding and schistosity dip to the northwest in this 
area. If these beds are the subparallel limbs of close 
major folds; then the folds are slightly overturned to the 
southeast. Boone (1955; p. 61) noted a similar overturning 
of folds in .the northeastern part of the adjoining Farmington 
quadrangle. The overturning of the folds and the slip 
cleavage could have developed contemporaneously. 
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Although many geologists think that two stages of 
deformation of a rock are necessary to produce two sets of 
cleavage with diverse orientations, de Sitter (1956, p. 227) 
suggests that: 
Nevertheless, they do not indicate that another phase of 
folding has superseded the first, even when they are 
widely observed; _ and certai.nly they do not \olarrant this 
assumption if they are seen in only a few limited out-
crops. • • • the same stress-field can and does generate 
a multitude of different kinds of shear·planes, inter-
secting one another, disturbing one another, but all be-
longing t o the srune compression-
The fact that suoh opposing viewpoints on the origi n 
of the two cleavages can exist in geological liter ature i n-
dicates the state of imperfect kno'tvledge about the nature of 
rock behavior under stress. Although the evidence is incon-
clusive in the quadrangle, the writer suggests that the slip 
cleavage developed in the late stages of the regional meta-
morphism, probably at the time of the emplacement of t he 
plutonic bodies. In a study of the Williamsburg quadrangle, 
Massachusetts, Willard (1956) noted a similar type of slip 
cleavage superimposed on the regional schistosity. With 
better geologic evidence as a basis he concluded that the 
slip cleavage developed during regional deformation subse-
quent to the formation of tight folding and the concomitant 
schistosity. Wolfe (oral communication) has noted the cleav-
age~, which he calls "healed cleavage", cleveloped -in rocks 
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throughout several quadrangles in northwestern Maine• 
especially in the phyllites of the Lost Brook Formation in 
the Cupuptic quadrangle. 
Joints 
Joints are well-developed throughout the rocks. In 
this area those planar fractures which were spaced a foot or 
more apart and without any visible displacement were mapped 
as joints. The trends of prominent sets were recorded. 
Each reading used in the compilation of the joint diagrams 
represents a trend of several parallel joints in outcrop. 
In actuality the poles of 120 joint sets were plotted on the 
lower hemisphere_of a Schmidt equal area net . 
The contour diagram of joints in the metamorphic rocks 
(Figure 27) indicates four maxima. Of these four, t wo ar e 
of equal intensity, and they are better developed than the 
others. One strong maximum trends N. 41° W. and ranges in 
dip from 80° northeast to the vertical. 'lbe joints of this 
maximum trend at right angles to the regional structure--the 
bedding and schistosity--and represent extension (4 s) joints 
which developed from elongation parallel to the axes of the 
folds. The joint planes represented by the second maximum 
trend N. 41° E. and range in dip from 80 to 85° to the north--
west . They trend parallel to the axial planes of the re-
gional folds. These release joints have attitudes which are 
almost exactly the same as those .of the schistosity; a fact 
s 
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Figure 27. Joints in the metamorphic rocks ( 120 poles plotted ). 
; 
176 
177 
~vhich strongly suggests that the joints ar¢ an expression of 
the rela."{ation of the regional compressive stresses.-
The other two maxima. of much le·ss intensity can be 
:noted in the diagram. The stronger of the two trends N. 87° 
E• and ranges in dip from 25° northwest tG 80° southeast. 
' This maxima probably represents a weak development of a set 
of diagonal shear jointSJ the other diagonal set is not ex .. 
pressed i.n the quadrangle. The last maximum trends N,. 41° 
t-1,. $ or parallel to the extension joints, and dips 45° to the 
southwestt The sLgnificance of these joints is vague, but 
they may express some deformation of the. country rock re-
sulting from the plutonic intrusi¢n• 
Jointing is t<lell-expressed in several of the larger 
outcrops of metamorphic rocks. Outcrops at West Mills 
(9-9). East New Porttand (Figure 28), and Kingfield (Figure 
11) form large rectangul~r blocks by mechanical weathering 
' : 
along the tt-1o predomtnant joint trends. These blocks 
characteristically develop i n the massive quartzite beds, 
but also find some expr~ssion ~h ·Uhiak sequences of phyl litia 
or schistose st.rata.. In Figure. 11 one joint plane is par ... 
allel to the strike of the schistosity of the rock, and the 
second joint plane. whi~h is almost at right angles to the 
first .. not only cuts the schistosity but also the e11ipsoi• 
dal lime silioate pods,. 
Quartzite beds commonly are fractured by joints Whieh 
/ 
Fi gure 28.--Strong jointing and fracturing of massive quart-
zites interbedded with thin schists in an expo sure of the Madrid 
Forn~tion in the Carrabassett River at East New Portland. 
,_. 
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are steeply dipping m1d at right angles to the bedding 
planes. In areas where the metamorphism was not great these 
joints are recognized as open fracture planes . Where the 
degree of metamorphism of the rocks was greater~ however, 
the tensional joints in the quartzites are commonly filled 
with white quartz (Figures 5 and 6 ). While mapping in the 
Anson quadrangle Cariani (1958, p . 115) and Wolfe noted 
similar quartz-filled tension fractures in the quartzite 
beds and suggested that the quartz may have been dissolved 
out of the country rocks by heated solutions. The writer 
has, also, noted these fractures in the Anson and Kingfield 
quadrangles Which are quite like those represented i n the 
figures. The perfection of development and t he restricted 
distribution of these fractures to the quartzite beds support 
the hypothesis that as the quartz was dissolved in the sand• 
stone during metamorphism the solutions would tend to mi ... 
grate to zones of least stress-... the tension fractures , 
These fractures would develop during the stretching o£ the 
quartzite beds in ~ direction which would be at right angles 
to the compressive stresses~ It can be seen, Figure 5 , 
that the foliation wraps around the ends of the quartz £111-
tng~ . This may ·possibly be explained by assuming t hat the 
tension fractur-es in the beds did noe extend throughout. As 
the quartz~rich solutions migrated to and filled the tension 
fractures, further deformation of the rocks would not affect 
.._... 
I 
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the solutions because of their incompressibility in the 
closed system formed by the enclosing quart2ite4. During the 
development of the foliation 1n the shales by their meta• 
morphism the schistosity could flo~-1 and wrap around these 
incompress~ble quartz .. rich fillings. Possibly the most 
serious drawback to this explanation iS that it does not ex-
plain "my many of the quartz pods have sharp terminations 
that extend more than one inch into the schists. If these 
quartz-rich solutions were compressed, then those portions 
of t he fracture fillings extend1ng into the schists should 
have been forced into the trends of the schistosity which 
tvould have resulted in blunt; irregular terminations. 
In contact metamorphic zones the quartzites commonly 
have tension fractures that must have acted as channelways 
for pneumstolytic and hydrothermal emanations from nearby 
plutonic bodies. Figure 5 shows how the equally spaced 
elongate quartz pods are confined principally to the quartz-
ite beds, and that as their ends p17otrude into the adjacent 
schists, the foliation is distorted. This deformation of 
the foliation suggests that quart~·rich solutions did not 
passively fill the voids developed by mechanical deformation 
of the quartzite beds, but that the solutions may have been 
emplaced with enough energy to actively deform the schists 
which were developing contemporaneously. 
An outcrop which has well-developed contact metamorphic 
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effects is located in the Carrabassett River about 2.5 miles 
north o£ Kingfield (1~3}. It is composed of interbedded 
quartzites and thin schists. Because graded bedding indi· 
cates that younger beds lie to the northwest while the dip 
of the beds is to the southeast• the beds appear to be over-
turned, Intense metamorphiam is indicated by several fea-
tures; (1) tension fractures in the quartzites• (2} crenu-
lations in schists, (3) large amounts of chiastolite crys-
tals in schists and quartzites• and (4) significant amounts 
of microscopic~sized, black• euhedral tourmaline crystals in 
schists and quartzites disseminated with long axes parallel 
to the schis .. tos.ity. One quartzite bed that t-1as sampled con• 
tains up to 30 per cent of these tourmaline crystals so that 
the color of the bed is dark gray. The tourmaline crystals 
in the schists commonly comprise about 1 or 2 per cent of 
the minerals in these rocks. All the beds in th~s outcrop 
probably contain disseminated tounnaline crystals .. 
'lhe development of the tourmaline crystals in the 
schists could be explained by a reconstitution of elements 
presa1t in the argillaceous sediments. Turner and Verhoogen 
(1951, p~ 491) suggest that some argillaceous marine sedi-
ments may contain sufficient boron to account for the devel-
opment of tounnaline during metamorphism. To explain, how-
ever. the development of a quartzite with over 20 per cent 
tourmaline by a process which relies only on the 
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reconstitution of the original sandstone would necessitate 
the migration of relative1y large amounts of boron from the 
· adja~ent schists and the selective concentration of the boron 
· tn the quart.zites• AlthOugh tllis process is not at all impos• 
, Sible~ it does rely on a l'ather . tenuous assumption•- the 
pr~senae of unusual amounts of boron in sediments+ 
An alternative hypothesis for the .explanation of the 
, tourmaline in the quartzites relies on the introduction of 
the boron by pnewnatolysis.- The contact metamorphism is 
directly related to . the intrusion of the nearby pluton. As 
the pluton cooled~ volatiles weuld excape from the body into 
. the surrounding- rocks by way of fractures. The tension frac• 
tures in the quartzites would be ideal as channels for th~ 
entrance of the mobile boric emanations. These volatiles 
could diffuse into the surrounding beds and form lesser 
amounts of tourmaline. The tourmaline crystals apparently 
developed during the contact metamorphism of the roaks, be-
cause they are remarkably aligned with their long axes par-
allel to the schistosity,. Following the escape of the vola-
tiles from the cooling pluton, quartz~rich solutions could 
be emplaced along these same fractures, and upon crystalli-
b;ation; could form the quartz pods.. Evidence seems to 
aupport this hypothesis because tourmaline occurs with 
~hiastolite in the highe~t concentrations as irregular zones 
adjacent to the quartz pods., -whtch in themselves may only 
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contain trace amounts of tourmaline. Irregular pods commonly 
cut and deflect the schistosity and hav~ the same mtnerali• 
za~ion characteriatles, The £act that some of these pods 
cut the foliation indicates that they developed not earlier 
than the late stages of the metamorphism of the rocks., The 
characteristics of the tension fracture quartz pods in the 
quartzites and the irregular quartz pods in the schists are 
well illustrated in Figures 5 and 7 , ' re,spectively. 
In theorizing on the origin of tourmaline in meta• 
morphia rocks Rankama and Sahama (1950, P•· 493) advise cau-
tion. however. by stating thats 
Even t hough boron in the contact zones .of granites fre-
quently originates from the granitic m~a, being meta• 
somatically added to the surrounding rooks, one must • • • 
always reckon with the possibility that the boron pres-
ent in ~he contact zone in a sedimentogenic rock pene-
trated by granite intt;usions was originally present in 
the sediment and was later aoncentrated at or near the 
granite contact as a result of its high mobility. 
Jointing in the granitic rocks i& represented by t he 
contour diagram of the poles of 65 joint planes (Figure 29). 
l:ven though the number of readings is not· sufficient for an 
accurate statistical analysis of the joint tl"ends• the infor• 
mation is presented to·indicate the nature of the information 
accmnulated. Any interpretation based an this information 
must compensate for the unequal distribution of the joint 
readings. The majority of the readings were accumulated 
Where the exposures were best developed in the following 
areaiu Vose Mountat..n (2 .. 1), Healey Brook (3-.2)• and East 
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Figure 2i. Joints in the grani t ic r ocks ( 65 poles plotted ). 
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New Portland (6"'"2). Some of the readings represent four or 
five very well•developed parallel jo1nt planes., a condition 
which tends to decrease the ef'fettti~eness of the statist:1oal 
repres-entation of such a small ft\ltnher of readings. The con"" 
tact: of the granitic rock with the metamorphic rock is seen 
only in a few areas, and even in these, it itJ not exposed 1n 
large outc-rops. Only the broadest of generalizatiO-ns can be 
made on the nature and origin of the joint trends in the 
granitic rock. 
Two maxima are represented in Figure 29. The stro~gest 
suggests an average trend of joints in a N. 45° w. direction 
with vertical dips. This trend is -almost exactly similar to 
the strongest joint development in the metamorphic rocks. A 
much less well•developed concentration of joints trends 
N_ 46° E. with vertical dip. This also is almost the same 
as a very strong joint trend in the metamorphic rocks. If 
more reliance could be placed on the diagram of joints in 
the groi~_i.c rocks, it would imply 1 that the granitic rock 
was subjected to the same regional stresses that d~formed 
the metamotPhia rocks and developed similar fractures. 
These patterns of joints~ however. do not express fractures 
-which would normally develop during the c.ooling of the 
granitic pluton. The parallelism of the fracture patterns 
in ~e grsnittc and the metamorphic rock could be the basis 
for an extreme eltt'tapolatiQn if one assumed the fractures 
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developed throughout the quadrangle in metano:rphie rocks 
which we~e later extremely metamorphoaed into granitic rook 
and preserving the fracture pattern• Vose Mountain oUtqrops 
show many characteristics which are consistent With graniti• 
zation1 although it ts the assumption in this wo·rk that the 
gran! te thereon formed from the solidifieatio.n of magma. 
Lineation 
Lineation ts expressed in several ways throughout the 
quadrangle: (1) intersection of bedding and cleavage; (2) 
intersection of two cleavages, (3) parallelism of crinkle 
trends, (4) parallelism of fold axes, (5) parallelism of 
tabular phenocrysts, (6) parallelism of prismatic or flaky 
porphyroblasts, (7) parallelism of elongate pyrrhotite or 
pyrite aggregates, (8) elongation of ferroan calcite or lime 
silicate pods .. and (9) parallelism of granulated aggregates 
in grits. 
Although bedding and cleavage (schistosity) are paral~ 
lel or nearly so throughout the quadrangle; some outcrops do 
have a lineation developed which is due to the intersection 
of their divergent trends~ When lineation of this type is 
noted• it usually is best viewed on the bedding planes. 
Occasionally outcrops have schistose fracture planes in 
.. which the bedding intersections can be mapped (F'igure 26}. 
Bedding and schistosity relations can best be studied in the 
exposures along Falls Brook (9-9). 
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The intersections of slip cleavage and schistosity are 
seen in several outcrops of which the best and most numerous 
exposures are located at Dyer Hill (7-5), New Vineyard (8~2), 
~d along the highway outcrops of Route 4 located about 2 
miles south of the town of Strong~ The lineation is usually 
expressed by the intersections of the slip cleavage plane& 
in the schistosity plane. Slight displacement along the 
slip cleavage planes is oceasionally expressed as parallel 
wrinkles in the schistosity. 
Elongate crinkles in the schistosity and bedding 
planes of the highly metamorphosed rocks in the northern 
section of the quadrangle impart a strong lineation to the 
rocks. This characteristic can be seen best in the meta~ 
morphic rocks on the southern slopes of Vose Mountain (2·1) 
and also in the hills surrounding the headwaters of Stanley 
Stream (2-5) . These crinkles appear to .have been formed in 
rocks in which the bedding and schistosity are parallel. 
The lineation is often directly down the dip of the planar 
structures. Small ch1astol1te porphyroblasts are commonly 
aligned 1n the schistosity with their long axes parallel to 
each other as well as to the crinkles. The crinkles probably 
developed during the contact metamorphism which superimposed 
its effects on the regionally metamorphosed rocks. Flowage 
and drag between the schistosity planes would develop these 
crinkles which represent very small drag folds. 
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Lineatlon formed by the parallelism of fold axes is 
not very well expressed in the quadrangle. Only one or tt\TO 
outcrops show this characte~isttc~ An outcrop in Valley 
Stream {7-4) about o. 2 miles t-lest of the town of Strong is 
composed of thin black limestone and phylli~e beds ~nich 
have flowed during folding. The axes of small·scale folds 
on the limbs of a northeasterly plunging syncline are sub-
parallel in alignment. 
Parallelism of tabular phenocrysts is best exemplified 
by the large microcline phenocrysts which. are well•developed 
in some portions of the granitic pluton,.. The areas of gran-
itic rock around Vose Mountain (2-2) and in the vicinity of 
Healey Brook (3-3) contain a subparallel alignment of white 
phenocrysts which, \·men viewed on the surface of the out-
c=opst impart a measurable trend in the rock~ The alignment 
is believed to have developed by flowage during the implace• 
ment of the pluton. 'lbe direction of the parallelism may 
reflect the local trend of the plutonic contact with the 
country rock. It could not be determined if the phenocrysts 
were aligned within parallel planes which would impart a 
foliation in section views of the outcrops. 
Parallelism of several minerals imparts a lineation to 
the metamorphic rocks. Tourmaline and chiastolite crystals 
~e in some highly metamorphosed rocks subparallel in align-
ment. Micaaeous minerals, sucb as chlorite,. muscovite, and 
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biotite, form many elongate aggregates which are subparallel 
in the schistosity. This type of lineation can best be seen 
in the exposures scattered throughout the northwestern sec-
tion of the quadrangle. These minerals crystallize in these 
positions during metamorphism in the positions of least 
stress or so that their crystallographia dimensions are 
oriented to directions of least and maximum stress. 
Pyrrhotite and pyrite in quartzites and schists often 
fonn elongate aggregates with the long dimensions in parallel 
alignment~ This lineation is developed in many areas of 
which the best and most accessible is the Fall Brook (9•9) 
series of outcrops. If these sulfides are syngenetic i n 
origin, then they would have suffered the same shearing and 
stretching during metamorphism as the enclosing rocks. In 
the schists the sulfide blebs are concentrated in the planes 
of schistosity; whereas in the quartzites they are commonly 
disseminated throughout the beds. 
Outcrops tn the Carrabassett River at Kingfield show 
ellipsoidal lime-silicate pods with their long axes in par-
allel alignment to the schistosity as well as to each other 
(Figure 11). In the low-grade metamorp~ic rocks of the Falls 
Brook locality {9-9) a number of quartzite beds contain ellip-
soidal pods rich in ferroan calcite which are elongate paral-
lel to the bedding. Whether the original form of the sedi-
mentary concretionary pods was spheroidal Qr ellipsoidal is 
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impossible to determine with the evidence in the quadrangle@ 
The faet that some stretching must have occurred during meta• 
morphism seems evident in the pods that are elongate paral-
lel to the dip of the schistosity of the enclosing rooks 
(Figure 11). Because some stretching and thinning of the 
quartzite beds ln the Falls Brook area must have occurred 
during the evident folding of the rocks, the included 
ferroan calcite pods must have been also somewhat stretched. 
The deformation is greatest in the lime silicate pods in the 
schists, as indicated by the almost lenticular shape, whereas 
deformation is least in the ellipsoidal pods of the low-
grade metamorphic rocks. 
Several outcfops in the southern half of the area con-
tain gritty quartzites or grit lenses which evince lineation 
by the parallelism of granulated and streaked rock fragments 
and minerals. Carbonaceous shale fragments 'vhich have a 
lensoid cross-sectional appearance add to the marked linea-
tion which is parallel to the strike of the beds. These 
cataclastic effects probably developed during t he compres-
sion and shearing of the rocks . The best examples of the 
sheared grit beds are found in the Falls Brook outcrops 
(9-9). 
Most of the linear elements recorded during the field 
studies indicate elements which plunge gently or moderately 
to the northeast. Several lineations, however, plunged 
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gently to the southwest. This is interpreted as indicating 
that the regional folds or structural elements also trend 
northeast•sou.thto7est and generally plunge to the northeast 
w1 t:h some exceptions,. The reversal of plunges would not be 
an unexpected development in a region of such intense 
metamorphism. 
Folds 
Folds of all scales have been developed in the quad-
rangle. These range in magnitude from the microscopic folds 
of the slip cleavage to folds with amplitudes of over 1,000 
feet. Although the major folds have not been noted as such 
during field studies, interpretation of the structure of the 
area suggests their presence. The ranarkable development of 
such consistent parallel bedding and cleavage attitudes. as 
indicated by the contour diagrams. implies that the beds are 
located on the steep limbs of major folds. The very great 
apparent thicknesses of the formations can best be explained 
by repetition brought about by repeq.ted infolding and frac-
turing of the beds. If the noses of major pl unging folds 
could be loeated with good control in the field• then the 
nature of the folding could be determined with some assur-
ance. This control• unfortunately, was completely lacking 
in the Kingfield quadrangle. 
The following types of folds are developed: (1) flow-
~ 
(2) chevron• (3} drag, (4} overturned asymmetrical, and 
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(5) asymmetrical~ Although these different types are found 
in the area, only a few outerops show well~defined folds, 
Flowage folds .res-ult when the str¢ssed rock defonns 
plasti.ca11y~ 'l1U..n interbeds of li.meseone and shale react 
t:o stresses 1n thts way by develop-ing irregular folds wi.th 
conto-rted limbs and crests,. 'lhe limbs are ·often much cren• 
ulated as subsidiary minol:' folds. The outcrop in Valley 
Stream (7~4) located o. 1 miles we.at of Strong shows the 
flowage folds developed in limestones and phyllite beds• 
A type of flowage fold oceurs. in thick schist of the 
Ferry Mountain Formation as well as in the non-bedded phyll-
itic schists of the Lost Brook Formation. In the outcrops 
along the Carrabassett River north of Kingfield these fonn ... 
ations ar.e exposed. In these thick non-bedded schists the 
foliation is commonly so contorted that faint trends can be 
noted in the shape. of chevron-like folds of small magnitude 
(Figure 30)t These folds develo?ed in the schistose rocks 
by flo~-m.ge in reaponse to deformational stresses. In other 
parts of nort~westem Main~ folds o,f similar appearana.e are 
usually assoa1at:ed with well•defined shear zones ( t-lolfe, 
wtit!ten communication). Small pt:ygmat.1cally folded white 
quartz veins are commonly disseminated throughout the rocks. 
The ptygmatic folds are developed so that their fold trends 
simulate parallelism with schistosity trends, and this may 
indicate a genetic relationship, Tensional fractures which 
I 
Figure 30.--Flowage of foliation in non-bedded schists in an 
outcrop of the Lost Brook Formation located in the Carrabassett River 2.s· miles north of Iungfield. A small ptygmatic quartz vein tran-
sects the foliation trend. Dark irregular patches are developed by 
biologic growths. 
....... 
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~uld develop in the schists 'WOuld tend to have very irregu• 
lar margins extending along the schistosity. This, of course, 
assumes that the ptygmatic quartz veins were developed after 
the schistosity was induced. 
An alternative explanation would be that the veins 
developed contemporaneously with the schists and were sub· 
jected to the same deformational stresses. This explana-
tion does not seem to be supported by the evidences in the 
~ 
outcrops ~1ich show signs of muah flowage and deformation 
whereas the magnitude of the ptygmatic folds is very much 
less (Figure 30). For tltiS reason the former theory seems 
more applicable to the explanation of the origin of the 
structure of the ptygmatic folds. 
Chevron folds are best developed in rock units com-
posed of thick black schists t-rl.th interbeds of quartzite in 
the P armachenee Formation~ A few outcrops in t he quadrangle 
show the development of these chevron folds, but the best 
exposure is located on a hill top in the Fat:mington quad-
rangle. It was noted during a reconnaissance traverse into 
the quadrangle. Figure 31 represents an outcrop located 0 . 4 
miles south of the Kingfield quadrangle and about 0. 3 miles 
west of highl-Jay 148. The closely folded rocks are dark gray 
schists and quartzites of the Parmachenee Formation. 
Although the fold$ are small, represented by a few feet, the 
beds are noticeably thickened and thinned. The schist bed 
, 
/ 
Figure 3 1 .-~A chevron fold in thin quart-
zite and t hick schist beds in an outcrop of the 
P armachenee Formation in t h e Farming ton quadrangle 
on a hilltop o. 3 mil e west of Route 148 ~"'ld 0.4 
mile sou t h of t he Kin~field qua~angle. Foliation 
in the schist is axial plane cleavage. 
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is almost eight times thicker on the nose of the fold than 
on the limbs1 while the quartzite bed is about four times 
thick~r on the nose than on the limbs. The schistosity is 
parallel to the axial plane on the nose of the fold• and 
gradually parallels the bedding on the limbs. These minor 
chevron folds probably ref lect the attitudes of the major 
folds 111 this locality and were developed . contemporaneously., 
The fact t h at the quartzite be4 was so strongly defonned 
wLthout t he extreme development of tension fractures indi-
cates plastic flot-1 and partial rect-ystallization during 
metamorphism. l~lfe (writt~1 communication) suggests, how-
ever. that the deformation and folding took place before 
notable induration of the sediments. U1e transverse frac• 
tures across the quartzite ·and schists reflect shear joint 
development after the folds had been formed. Chevron folds 
are visible in an exposure located o. 2 t'liles north of 
Parsons School (5-3) in the KU1gfield area. 
A few drag folds are po.orly expressed in the outcrops. 
In terbedded sohist;s and quartzites on New Portland Hill 
(6-5) show Stl\all folds with amplitudes of about 4 feet and . 
wave lengths of about 1 . 5 feet~ A fold with similar dimen-
s.ioil-s exists in an ~osure on the hilltop located 0. 8 miles 
:·· eiist of Tufts Pond (1 ... 2)., These are interpreted as drag 
folds superimposed on the litnbs of the major folds. 
A few overturned asymmetrical folds of moderate size 
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are developed in the ro~ks along Falls Brook (9-9) in the 
south-eastern part of the quadrangle.. The! complete folds are 
not exposed in section or plan-view so that the scale of the 
folding can not be determined.. An outcrop which is composed 
of tightly folded interbeds of thin schists and thick quartz-
ites is exposed in Falls Brook about o. 5 miles upstream from 
West Mills (Figure 26). 'lbe schist beds on the almost verti-
cal limb of the fold are thicker than those on the less 
steeply dipping limb; schist beds on the nose of the fold 
are four times as thick as those on the limbs. lhis fold 
plunges gently northeastward and is slightly overturned to 
the southeast. Because the fracturing of the beds on the 
nearly vertical limb is much less intense than on the oppo-
site limb, the overturning of the fold must have been 
accompanied by greater deformational movement on the less 
steeply dipping limb. No faults are visible in the crests 
of the schists within the fold. Schistosity is very well-
developed in the rocks and reflects the attitude of the 
axial plane of the fold. This fold is interpreted as one 
wh1ch is developed on the limb of an even larger major fold, 
and the attitude of the small fold faithfully reflects the 
attitude of the major fold in the Parmachenee Formation. 
An outcrop in f ·alls B:rook at West Mills forms the 
foundation of the ruins of an old mill (9•9). The nose of 
a fold of moderat~ magnitude is developed in massive quartz~ 
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ites and interbedded thin slates {Figure 12 ) . The magni• 
tude of the fold can not be definitely detennined because it 
is not complete in the exposure. It is at l east 40 feet long 
and 20 feet tY:i..de~ Tl1.e actual . size is mueh greater because 
the limbs are consistent in their trends to the limits of 
the outcrop. The limbs o£ the fold•- a syncline-•are open 
and unequal ly inclined., The axial plane dips 79° to the 
north and the axis p l unges 47 ° to the northeast . The schist-
osity of the slaty beds s imulates the attitude of the axial 
plane, and is an axial plane cleavage.. Tilting of the axial 
plane from th e vertical is interpreted as the result of 
differential compressive stresses; the greater stress was 
directed toward the southeast~ This axial plane attitude is 
in agreement with other axial planes of minor folds in the 
same area . 
During a reconnaissance traverse in the Little Bi gelow 
Mountain quadrangle ( formerly the Dead River quadrangle) an 
outcrop with inte~s~tng structural relations was studied. 
An outcrop composed of distorted quartzites and schists is 
located 0. 6 miles north of the Kingfield quadrangle along 
Route 16. Figure 6 represents the structure visible in the 
small roadside exposure. The development of the structure 
as evidenced in the rocks seems to have been effected in the 
fol lowing stages' { 1) intense folding, stretohing1 and 
flowing of the sedimentary beds; (2) shearing of the fold 
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along the axial plane direction; and (3) movement along the 
fault plane with resulting drag of the beds. The nature of 
the drag indicates that the rocks in the top half of the 
figure were dragged to the right relative to the rocks in 
the bottom half. Graded bedding in the quartzites indicates 
clearly that younger beds lie to the right s·ide of the figure 
on both sides of the sinuous fault plane. The amount of 
movement along the fault cannot be detennined. This outcrop 
was mapped as part of the Perry Mountain Formation. 
Although no major folding was actually mapped in the 
quadrangle, it may be suspected from the nature of the folds 
previously described that it is not at all improbable to ex• 
pect the similar development of major folds throughout the 
entire area. The magnitude of these folds may possibly be 
measured in thousands of feet. Widely spaced and irregularly 
distributed cleavage-bedding relations suggest repeated re-
versals of top and bottom. However, the very nature of the 
irTegular distribution of the cleavage--bedding interpreta-
tions, as well as occasional conflicts with graded bedding 
interpretations, makes it impossible to place complete re• 
liance on them as a basis for conclusions about the struc-
ture of the quadrangle. 
No large faults were noted in the area. This, however, 
does not preclude their existence. Lack of good lithologic 
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controls, paucity of large outcrops; and over~abundru1ce of 
thick glacial-alluvial deposits all contribute to the diffi• 
culty of detecting their possible presence. It seems very 
probable in a region where all the beds ha~e been deformed 
from horizontal to vertical positions that some sort of 
large scale fracturing and movement would have been de• 
veloped. The writer suspects that many of the major north• 
easterly trending valleys may have been developed by differ-
ential erosion along such major fracture zones. The frac-
ture pattern of the regional joint systems can, however, ex-
plain equally as well the development of the major drainage 
pattern by differential erosion along the structural control 
--the joints. 
Minor faults are evident in only a few localities. 
Tne outcrop in t he Carrabassett River at Kingfield contains 
a small fault ~mich offsets a thick schist sequence (Figure 
32 ) . The horizontC\1 displacement along the fault plane can 
be seen to be only of the order of a few feet. 
The outcrops located in the Carrabassett River (Figure 
28) at East New Portland (6-3) show indications of movement 
along many bedding planes of massive quartzites. t.Ven 
though slickensides indicate bedding plane faults• the mag-
nitude of the movement between the beds can not be measured. 
No transverse faults or breccia zones are visible. The 
rocks are massive quartzites, some with lime-silicate pods, 
Fi gure 32.--A _minor faul t developed i n 
andalusite schist o f t he ~~drid Formation in an 
outcrop i n th e Carrabassett River at Ki ngfield. 
Foliation trends have been offset horizontally 
about 3 feet . 
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that are strongly fractured ancol metamorphosed. Tourmaline-
bearing aplitic dikes commonly cut the quartzites. Graniti c 
rocks crop out about 0.2 miles upstream. These features in-
dicate intrusion and defonnat1on but without t he development 
of obvious fault zones transverse · to the bedding. A few 
differentially eroded zones Which have northeasterly trends 
slightly transverse to the bedding are present in the out-
crop. These may or may not indicate erosion along brecci• 
ated zones, but no conclusive evidences are present. 
The large outcrop in Falls Brook at West Mills (9-9) 
contains several zones of intense fracturing in some of the 
sulfide-rich, slaty schi sts . No displacement of bedding is 
seen, because the fractured zones trend generally parallel 
to the strike of the beds . 
Moench (19541 p . 106) located a silicified breccia 
zone in the sou t heastern part of the Phillips quadrangle. 
The zone has an average trend of N. 35-50° E., 70° N. to 
80° s. The projection of these trends enters the Kingfield 
quadrangle in a zone between Doctor Brook and the Sandy 
River (7-1). Unfortunately, this ·zone is heavily mantled 
with till deposits and outcrops are not found • . On the basis 
of the tendency for structure to express its control of the 
.. subsequent development of landforms an interesting conjecture 
can be made. A study of the topog~aphic map indicates that 
a hill with an unusual shape occurs just to the southeast of 
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True Hill (4-8). The hill is elongate in a northeast• 
southwest direction with very steep flanks~ Possibly the 
silificied breccia zone passes through one of the small, 
steep~sided valleys on either side of the elongate hill heft 
cause the projection of the breccia zone is approximately in 
alignment with either one of these valleys.; and if there is 
a split in the breccia zone, conceivably it could pass 
through both~ Greater differential erosion along this brec~ 
cia zone could produce this type of landform. Because of a 
lack of outcrops• however, no physical evidences are found 
to substantiate this conjecture. 
The best vertical exposure of bedrock oceurs in a hill 
directly south of Lemon Stream (9-5). Interbedded thick 
quartzites and schists form a vertical cliff which is about 
80 feet high and 1,000 feet long. The rocks seem to. be com-
pressed into tight folds with amplitudes greater than the 
height of the cliff so that no crests are visible. Till and 
soil mantle the top of the hill obscuring all horizontal 
trends of the outcrop. Cleavage intersections on the bedding 
plunge gently to the northeast. Very strong deformation is 
evidenced in the rocks by the presence of the following fea-
tures' (1) white quartz, very common as large irregular 
stringers and discordant pods, (2) intense fracturing in the 
schists and strong jointing in the quartzites·-both shear 
and tension, and (3) schist flowage, as irregular flexures 
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and rolls. Although t he beds are close to t he vertical in 
attitude, slight reversals of dip can be noted. No repeti• 
tion of bedding can he determined with certainty. TI1e 
general appearance of the outcrop suggests the presence of 
indefinable folding. Even if the outcrop represents the 
development of a major shear zone or large folds. the trend 
of the de~ormation is parallel to the strike of the bedding• 
and for that . reason would be extremely diff icult to recog-
nize i n the other sma:ll outcrops of the locality. 
I f major faults occur in the quadrangle, they must be 
bedding plane faults and large longitudinal faults with 
attitudes nearl y parallel to that of the very steeply folia· 
tion and bedding. These could develop, presumably , during 
the regional metamorphism whil e t he beds were tightly com~ 
pressed into their vertical positions . 1bis reasoning , un-
fortunately, is based more on inference and interpretation 
of disputable data than on solid fact s which are not pres ent 
in the quadrangle. No large faults are found. 
Structure of t he plutons 
The shape of the granitic plutoni c body is roughly 
elongate l>li. th a southeasterly trend across the northern part 
of t he quadrangle. The structural trends of the area, as 
well as t he topographic grain, are abruptly interrupted by 
the pluton. Trends of the margin of the pluton and of the 
metamorphic rocks occasionally coincide, as for exampl e , on 
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some parts of Vose t-1owttain (2 .. 1) and also at East Ne~' Port• 
land (6-3). The contact as represented on the map is gen• 
erally sinuous in appearance .. 
The granitic pluton is probably a batholith which is 
exposed in the Kingfield quadrangle as an igneous body 
approximately 9 miles long and 6 miles wide in its ma.xirnum 
dimensions. The pluton, which CaTiani (1958, p . 64) calls 
the nBlack Htll pluton'\ extends l. 3 miles eastward into the 
Anson quadrangle. The northern limits of the pluton are not 
known, but Keith (1933) has mapped it as extending as far 
north as Bates Ridge which is ahout 16 miles north of Sandy 
Stream in the Little Bigelow Mountain quadrangle. Although 
surface mapping indicates no direct connection of t he Black 
Hill pluton with Moench's (1953, p. 143) Redington bat holith 
of the Phillips quadrangle, there is probably a connection 
at depth, if not at the surface. 
Not only do the attitudes between the bedding of the 
country rock and the margins of the batholith. indicate trun-
cation of local structure, but also the attitudes of over-
turned bedding and foliation within the country rock adjac-
ent to the margins of the batholith indicate doming and up-
lift of local structure. The truncation of bedding and 
foliation is indicated in outerops located on the hills west 
of Indian Pond (2 ... 6) where the strikes eontinue with regional 
trends to the contact with t he batholith. Metamorphic rocks 
206 
do not crop out again along this northeasterly trend until 
the area around Healey Brook (3-3) is reached, at which 
point similar metamorphic rock types trm1d in a more north-
erly dir-ection. 
On the southwestern slo!)-es of Vose Mountain metamor-
phic rocks strike northwestward and arc overturned~ dipping 
to the southwest. 'll1ese attitudes are strikingly anomalous 
to the ge..'l"\eral attitudes of almost . all the other metamorphic 
rocks of the quadransle~ Although these bedA may be con-
sidered as components of irregular folds, it seems more 
plausible that they are parts of bedding crumpled and dis-
torted by the nearby intrusive batholith . The anomalous 
attitudes of the metamorphic rocks of the hills located 
directly east of Kingfield can be attributed t o t he same in-
trusion by assuming t hat the batholith is close to the sur-
face in this locality. Along Healey Brook (3-3) a few meta-
morphic beds trend northwestward and are i n direct; contact 
t.vi.th granitic rock. The metamorphic rocks are apparently 
blocks of cOUJ'lt:ry rock which have become disoriented by 
their inclusion in the ba t holith. These feat ures i ndicate 
active Emplacement of t he batholith into the country rock 
~nth attendant uplifting, disruption. and stoping . The 
exact cause of the active intrusion cannot be determined 
from evidences in this quadrangle, but the emplacement of 
the batholith was probably directly related to the late 
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stages of deformation during the regional metamorphism. 
Wolfe {1949• p. 194; oral communication) suggests that the 
regional metamorphism of north•central Maine may have been 
the result of atresses which developed during the Devonian 
in the New England•Acadian crustal regions in response to 
the collapse of a "Blister" located in the Atlantic region. 
Not only are the strata overturned and truncated by 
the batholithr but the strike• also, undergoes marked deflec• 
tion from the regional northeasterly trends. A few beds 
have been deflected as much as 31 degrees toward the east 
from the average regional bedding trend of N. 51° E. Out-
crops which are located between New Portland (5-6) and East 
New Portland {6-3) show generally the greatest deviations by 
tending to be almost conformable with the trends of batho-
lithic contacts which trend N. 80° E. in these areas. This 
deflection of bedding by the pluton not only involved a 
pushing aside of the country rock but an uplift as well. 
The uplift is indicated by several linear structures in the 
beds which plunge toward the southwest. or away from the 
batholith. 
Dikes and sills of aplitic granitic rock with black 
tourmaline are conutlonly found in the East New Portland out-
crops. Aplitic dikes, as well as pegmatitic pods and sills, 
occur in a number of outcrops 1n the Vose Mountain area 
(2•1}, The contacts of these structures ~th the country 
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rock are very sharp in almost every instance. No good evi• 
dences of granitization are d~eloped even though some of 
the metamorphic rocks near the contacts have been highly 
metamorphosed. 
Irregular pegmatitio pods, stringers. and veins 
commonly occur in the margins of the batholith in the Vose -
Mountain locality. Most of these structures are simple p-eg• 
matites. although a few veins are banded tdth visible black 
tourmaline and garnet layers. A nu.mber of aplite dikes• 
which are in parallel alignment with relatively straight 
trends. for distances gre.ater than 50 feet,. eut across t he 
pegmatitic and porphyritic granitic rock. These dikes• 
averaging a foot in thickness, trend very closely to N. 40° 
w. with vertical attitudes. They are presumed to be related 
to the late cooling stages of . the pluton and attendaJat frac• 
turing by shrinkage. The residual quartz•:r:ich and volatile• 
riah solutions filled and crystallized in the fractures upon 
further cooling. The fact that the strongest maxima of the 
regional joints in the metamorphic rocks tt:end N. 40° w. with 
vertical attitudes is almost exactly that of the average 
trend of the ap1itic dikes implies a common orientation to 
th~ di-rection of deforming stt'esses, It implies further 
that they m.ay have developed contemporaneous·ty. This would 
mean possibiy tha.t the regional metamorphism t.Tas active dur ... 
ing the cooling stage~ of the batholith1 and that the orien-
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tatton of t he applied stresses to the region did not signifi-
cantly vary in direction. 
· The structure of the gabbro body (1~2) cannot be de-
termined because the rock could be observed in only five 
exposures, none of which was 1n contact with the metamorphic 
country rock. Not only the areal extent of the body is un~ 
kno~m. but also the shape is indeterminate in the Kingfield 
area. About 500 feet to the east of an exposure of the 
gabbro thin beds of quartzite crop out with attitudes not 
markedly different from t hos e of the slaty schists of the 
locality. This fact suggests tha t the gabbro did not 
noticeably affect the regional trends of the adjacent racks 
as it was intruded. The gabbro may actually be sill-like 
in structure, gradually pinching out southwes~ard a l ong 
strike. TI1e lindts and nature of the gabbro body are so 
poorly known that no definite conclusions can be made about 
the method of emplacement or about its mode of origin. 
Thdries gn origi;g gf 
Jteg onal . structure 
That some type of folding has occurred in the King• 
field quadrangle is indicated by the vertical attitude of 
the bedding and by the areal distribution of rock types. 
Whichever theory of folding is used to describe the develop• 
ment of the structure; the following observed phenomena have 
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to be explained: 
1~ The bedding and schistosity are essentially parallel 
in attitude and always steeply dipping, 
2. Some neighboring beds have reverse dips~ 
3. A few beds strike to the northwest, 
4.. Extension joints at right angles to the bedding and 
release joints almost parallel to the bedding are well-
developed throughout the metamorphic rocks, 
5. Some bedding-foliation relationships in widely dis• 
tributed outcrops imply reversals of top and bottom~ 
6. Several different types of folds of small and of 
medium size occur in various rocks, 
7. 'n"le noses of plunging major folds are not evident~ 
B. In the folds many quartzites are coherent, stretched 
on the limbs, and thickened in the crests and troughs .. 
9. In the folds the schists are sheared; thinned on the 
limbs, and significantly thickened in the crests and troughs. 
10. In thick schist sequences chevron folds are developed. 
11. MOst axial planes of the minor folds dip to the north-
wast, and the axes generally plunge to the northeast. 
12. Many linear structures plunge to the northeast. 
13. Faulting occurs along bedding planes and parallel to 
the bedding in a few crushed zones in schists. 
14. Areal distribution of the Madrid Formation is very 
great. 
Although tight chevron folds are perfectly developed 
in thick schist strata. this type of structure is not d~ 
veloped on a regional scale, The chevron folds are not 
1arger than a few feet in amplitude and wave length. When 
quartzite beds occur in these folds, their maximum thickness 
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is only a few inches. This thinness of the quartzites en. 
ables the beds to flow almost plastically without appre~lable 
indt.c:ations of rupture. The plastic nature of the schists 
may facilitate the adjustment of the beds to deforming 
stressea by flowage. 
'lhe quartzites which are part of larger and more open 
folds are usually a foot or more in thickness and noticeably 
thicker on the crests than on the limbs of the folds, Ten• 
sion fractures are well ... developed, but shear fractures are 
only weakly or moderately developed, These thick quartzites 
are competent enough to transmit the stresses and develop 
folds which are not so tight as that of the thin quartzite 
beds . in the chevron folds. It seems reasonable to expect 
the same development of closed folds, with both limbs dipping 
in the same direction, in rock sequences composed of quartz-
ite and schist beds which are equal in thickness. These 
closea folds would not be as tight as· the chevron folds. 
The characteristics of these folds may be similar to those 
of the fold in Figure 26. When thick quartzites are domi-
nant in .the u1terbeds~ asymmetrical folds may develop \~ich 
are similar to the characteristics of the fold in Figure 12. 
Slaty-cleavage, fracture-cleavage~ and flo~cleavage 
are considered by de Sitter. (1956• P• 93-234) to be caused 
by ''simple flattening of the r~ck in a direet:ion parallel to 
the largest principal stress1 accompanied by differential 
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movement along planes perpendicular to this stress~" Non~ 
of the cleavages are due to obltque•shear in this reasoning~ 
"Cleavage folds" with thick hinges and thin limbs are de-
veloped when the flattening is equally distributed thro-ugh 
the whole mass of rock, Slaty .. c:leavage shear planes are de-
veloped through the entire fold and always fan out towards 
the convex side of the arc~ Often, as de Sitter nota~; in 
som~ folds the cleavage is better developed in the hinges 
than in the flanks which remain straight because the slip is 
along the bedding planes rather than the cleavages.. He re· 
fers to a series of straight•flan..lted folds as "accordian-
folds" . All kinds of transition between "cleavage-folds" and 
11aacordian-folds" can exist, and cleavage will predominate 
in t he steeper folds . 
Faulting can develop in both types of folds. In the 
"cleavage-folds" the axial plane is always a potential fault-
line, whereas in the 'tilted "aceordian•folds" the axial 
plane \dll be a fault line. The hinge zones of both fold 
types will always be zones of tensional stress. 
"Cleavage-fold" characteristic-s are summarized by 
de Sitter as a similar fold wi. th shear planes parallel to 
the axial plane of the fold.. The fold is developed in the 
superficial and deeper levels of the, cru$t, and is formed i n 
competent as well as incompetent strata_ Only a few faults 
tend to develop. and these are parallel to the fold axis . 
/ 
I 
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The uaccordian-fold" differs only in the perfection of the 
development of shear planes in the axial plane and also in 
the development of shear planes parallel to bedding planes. 
De Sitter suggests that they are typical of Paleozoic fold-
ing although not restricted to it. 
A combination of these fold types could presumably ex-
plain the development of the structure of the Kingfield quad-
rangle. "Accordian-folds" could develop under the early 
stresses of the regional metamorphism, and as intensity and 
duration of the metamorphism increased, they would grade in-
to "cleavage-folds". Under maximum metamorphic conditions 
the "cleavage-folds" would be so compressed that the bedding 
and schistosity would be parallel and almost vertical. The 
hinges would be thick and with very sharp crests, and in 
many cases, sheared and offset. Exposure by erosion across 
a series of these fold types should develop features which 
are similar to the observed phenomena in the Kingfield area. 
The major drawbacks, according to de Sitter (1956, p. 
214·216), to the formation of this type of folding are 
tt.10fold$ 
1. The origin of vertical shear planes and s.ubsequent 
movement along them cannot be demonstrated in the laboratory 
even though they are visible in the field. 
2. If the flanks of the folds dip greater than 80°, the 
percentage of shortening perpendicular to the fold axis 
would be over 60 per cent. 
The structure of the quadrangle could be interpreted 
214 
as being composed of a series of broad synclinoria alternat-
ing with anticlinoria. Isocl1nally folded minor structures 
would be developed on the limbs of these major fold struc• 
tures. The marked parallelism of the vertical bedding and 
schistosity gupport this interpretation* The general ab. 
sence of folds in outcrops and the fact that the bedding 
trends do not converge along strike suggest• however. that 
the typical broad crests of isoclinal folds do not exist~ 
When isoclinal folds plunge, as do the structures of the 
quadrangle, the noses are commonly found in the course of 
field studies~ These noses were not observed in the King~ 
field area. Nevertheless, if isoclinal folds were formed., 
then sheared 1n zones parallel to the axial planes, and 
finally eroded~ they would be very difficult to recognize in 
the widely scattered outcrops of the quadrangle. Isoclinal 
folding also involves considerable shortening L~ a direction 
perpendicular to the fold axes. 
In order to explain the absence of crests or troughs 
of folds in several quadrangles in northwestern ~~Lne which 
are composed of rocks that strike consistently northeasterly 
and dip uniformly at steep angle• Wolfe (1956, p. 1745) sug-
gests a process called "pleated folding". He statesa 
It is believed that subjacent rocks warmed, dissolved, 
and formed magma, producing vertical i nstability . par• 
ticularly when the region was under compression. 'Ibis 
resulted in fragmenting and foundering of the overlying 
solid sedimentary rocks. 
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The sinking blocks were thick tabular parallel to the 
bedding. The direction of flattening of the blocks be-
came oriented perpendicular to the regional compressive 
direction a& the underlying magma was forced between the 
masses. The proces.s of downbuekling took place at suf£1• 
cient depth to preserve an overlying relatively undis• 
turbed layer of rocks. The buckled rocks were essentially 
brittle. and rupture occurred along the lines of buckling, 
produe1ng a structure eomparable to pleats. The repeti• 
tion or omission of beds depends on the level of founder• 
ing. 
The attltudes assumed by the blocks during the late 
stages of foundering and where the magma was intruded be-.. 
tween large blocks would also be factors in determining the 
repetit'ion or omission of beds. Blocks could conceivably be 
foundered without the penetration of magma between them. 
'n1e blocks could also be fotmd in any position ranging from 
horizontal to vertical. 'lhe development of parallel bedding 
and foliation would be in the vertical blocks. as t he late 
stage compressive forces would cause a recrystallization o f 
the micaceous minerals so that their platy dimensions would 
lie in planes perpendicular to the direction of the forces. 
The pleated folding hypothesis overcomes the problem 
of accepting such great crustal shortening as would be re-
quired in regional isosclinal folding or 1n reg ional "cleavage-
folding ". 
The structure of the quadrangle could be 1nterpretated 
as having originated by the processes involved in the 
pleated folding hypothesis. There is, however • one incom• 
pleeely explained part of the theory because it assumes no 
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notable thickening or th1nning of the beds. All minor and 
moderate scale folds in the quadt:angle show thickening tn 
the hinges and thinning in the limbs of the folds. Not 
only have thick sequences of schists been deformed by flow-
age folds• but thick quartz.ite strata have tension fractures, 
linear mineral aggregates, and elongate pods oriented to the 
direction of stretching. In the interbeds of quartzites and 
schists the foliation occasionally shows evidences of shear• 
ing or displacement. Taken together these features indicate 
stretching o£ the beds which can only be explained if the 
pleated folding hypothesis assumed that development of the 
schis.tosity in the blocks by late stage compression was accom• 
panied by stretching and thinning of the rocks in the blocks. 
ConctusiQDS 
The structure of the Kingfield quadrangle can be in• 
terpreted as being composed of a series of large folds which 
trend for long distances, Supertmposed on these folds are 
tight moderate-scale and minoT•scale folds Which reflect the 
attitudes of the major folds, The repetition or sequence of 
strata depend on the level of eroaion across the major 
folds. Not all outcrops show parallelism between the bedding 
and the schistosity, and these al:"e interpreted as indicating 
the presence of a steep limb of a fold.. More uniformly dis• 
tributed outcrops would possibly show more reversals of 
· dipping beds. In section 9 of the quadr~le where outcrops 
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are more continuous across the strike, closely spaced re-
versals of bedding dips are noted, Furthermore, if tight 
folds are present on the limbs of major foldsf the beds 
could dip steeply in the same direction over large areas of 
the quadrangle. 
The stages in the development of the structure can be 
generally depicted. In a geocyncline the strata vould be 
broadly folded by directed stresses, and with continued de-
formation lesser folds similar to "aacordian-folds., would be 
developed on the limbs of the large folds. Movement would 
be along bedding planes in these superimposed folds, and 
axial plane cleavage would be concentrated in the hinges. 
As the folds are more and more tightly compressed, faulting 
would develop possibly parallel to the axial planes as move• 
ment along bedding planes becomes increasingly more diffi· 
cult. "Cleavage·folds" would form as the limbs become com• 
pressed into vertical positions, and schistosity would form 
in the limbs parallel to the bedding by movement and re• 
crystallization in parallel planes aligned perpendicularly 
to the compression direetion. The beds WQuld be stretched 
in an. upward direction, but also in a direction parallel to 
the fold axes. The hinges of the folds would be thick• 
pointed or sharp, and some would be sheared out by faulting 
along the axial planes. During the development of the folds 
the large amount of apparent crus tal shortening would be 
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compensated for by the emplacement of bodies of magma9 Con-
tinued movement of the magmas eould overturn the steep limbs 
of the major folds,. 
The main structural features from northwest to south-
east in the quadrangle are interpreted as being composed of 
an anticline core.d by the Lose Brook Formation ~ich passes 
over into a large syncline with flexures in the Madrid Forma-
tion ,.n,.th its ~us centered along Freeman Ridge, Anticlines 
cored by the P armachenee Formation are periodically re ... 
peated in the Madrid folds. until a very large syncline is 
encountered near Great Works (5·5),. This large syncline, 
developed in the Madrid Formation, is probably infolded a 
number of times across a distance of 7 miles. In the struc-
ture section along line A-A' this infolding is suggested by 
represe11ting the reverse dips of beds within the formation. 
An anticline is developed near West Mills in Parmachenee 
rocks. This passes into another syncline i n the Madrid 
Formation. 
The large sync line in the West Branch and Freeman 
Ridge area has been mapped by Moench {1945) as extending 
continuously northeastward across the Phillips quadrangle . 
The large syncline centered about Ick Norton Mountain in the 
southern part of the quadrangle has been mapped by Cariani 
(1958) as continuing undiminished in width across the Anson 
quadrangle. The current mapping by Furlong in the Farmington 
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quadrangle may extend further the trends of the very large 
syncline_. The structures in the northeastern part of the 
quadrangle are completely disrupted by the discordant pluton. 
It is evident that the major fold structures of the quadran• 
gle persist for long distances- The superimposed minor 
folds are sharp crested or faulted in the crest so that they 
are represented by outcrop patterns which are subparallel 
and linear in appearance, The beds do not appear to curve 
on the noses of these sharp-crested folds because the folds 
plunge gently to the northeast and only occasionally to the 
southwest, Although the limbs of the folds apparently do 
not converge, the angles between the limbs are so small that 
the beds appear to be parallel in the outcrops which are so 
irregularly distributed throughout the quadrangle. 
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VII. GEOMORPHOLOGY 
Introduction 
The landscape of the Kingfield quadrangle is the pro-
duct of several complex geomorphic processes which have 
acted over long periods of geologic time~ The rocks have 
been greatly compressed, metamorphosed, uplifted, and deeply 
eroded~ The resultant landforms were covered and modified 
by Pleistocene ice sheets. During the retreat of the last 
ice stage depositional land forms were created by the action 
of glacio-fluviatile processes. Since that time, the 
streams have already made an impression and are rapidly 
changing the topography. An4 yet , despite the modification 
by recent stream erosion, the existing topography is largely 
the result of glacial processes associated with the advance, 
wastage, and retreat of the ice sheet during the Wisconsin 
Glacial stage superimposed on a pre-glacial stream•induced 
topography. 
Pre~glacial topograph~ 
The geologic structures of the quadrang le are much 
older than the topographic features which have been devel-
oped upon them, These structures were probably developed 
during the Acadian orogeny. During t he long period of time 
that elapsed from the end of the Acadian orogeny to the 
beginning of the Pleistocene, erosion has differentially 
etched the struct ures and rock types to form the valleys, 
ridges; and mountains, 
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With the evidence at hand in the quadrangle all that 
can be safely said about the pre-glacial erosional history is 
that the area has been subjected to several periods of up• 
lift and degradation during the interval of time since the 
Acadian orogeny to the Pleistocene, This is evidenced by 
the presence of several terrace levels at the following ele-
vations: 600 feet, 900 feet, 1,000 feet, and 1,100 to 1,200 
feet~ Similar terraces at higher elevations have been noted 
by other workers (Wolfe and Swarzenski, 1953, p . 1566; 
Moench ; 1954, p . 10) in the region to the west of Kingf ield. 
l 
Because these glacially modified levels have no definite 
lithologic or structural controls, Wolfe and Swarzenski 
(1953, P• 1566) believe that t hey represent multiple-erosion 
levels which are the result of fluvial erosion under re-
gional base-level control. This plausible theory may also 
explain the development of the lower levels in the Kingfield 
area. 
That this region of Maine has undergone several cycles 
of erosion is well accepted in current geomorphological 
theory. However, an area of controversy encompasses both 
the number of cycles of erosion that can be found and the 
cause of the recurrent uplifts. The presence of a heavy 
I 
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mantle of glacial drift and thick f orests increases the 
difficulty of correlating the pre.glacial erosion surfaces 
and determining the number of cycles of erosion represented 
by them, Perhaps a better understanding of the pre-glacial 
history can be obtained from a brief presentation of one or 
two of the most current theories which attempt to correlate 
these erosion cycles, 
Wolfe and Swarzenski (1953, P• 1566) suggested that 
"regional isostatic adjustment to the Acadian orogeny and to 
the subsequent erosion reached its conclusion at the end of 
the Cretaceous and t hat existent erosion levels are post-
Cretaceous, " A number of uplifts of the Ne'v England crust 
were caused by subcrustal differential expansion. These up-
lif ted surfaces wer e subj ected to gradation by fluvial 
erosion under regional base-level control. The subcrustal 
differential exp&"1sion was due to the presence of a blister 
or convec tion cell beneath part of eastern North America. 
Among several other theories on the development of the 
New England Up land is that of Atwood's . According to Atwood 
(1940, p. 79-85) the erosional history of the New England-
Acadian region was the same as t hat of t he northern part of 
the Appalachian Hi ghlands. During t he interval of time from 
the end of the Appalachian orogeny at the close of the Paleo-
zoic to the beginning of the Pleistocene the region may have 
passed through four cycles of erosion. · Atwood reasoned that 
/ 
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the entire belt of Appalachian Highlands has passed through 
the same major cycles of erosion. Because he believed that 
there were four distinct cycles evident in the topography of 
the southwestern part of the Appalachians, he stated that 
these would have had their counterparts in the New England· 
Acadian region. 
Tne four cycles of erosion correspond to the following 
erosion surfaces found in the southwestern part of the 
Appalachians: the Schooley Peneplain, the Harrisburg Pene-
plain, the Somerville-Coosa plain, and the present stream 
valleys. Atwood, as well as Davis (1895 , P• 269-304), 
equated the Schooley Peneplain to the summit peneplain of 
New England. The other incompleted cycles of erosion fol-
lowed, in order as listed above, the development of the 
su~~i t peneplain. Atwood offered no explanation for the 
cause of the periodic uplifts of the crust in eastern North 
America, 
The theory of Wo lfe and Swarzenski seems to explain, 
or at least makes plausible, the presence of a great number 
of erosion surfaces which are found in the Kingf ield quad-
rangle and northwestern Maine. Several different workers 
have found terraces at a number of elevations in north-
western Maine. Wolfe and Swarzenski (1953, P• 1566), as 
well as Moench (1954, p. 10), found them at the following 
elevations (feet): 1,100, 1,400, 1,700, 1,950-2,150, 2,400, 
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2,700, 3,000, and 3,200-3,300, In the Waterville region to 
the southeast of Kingfield, .Perkins (1927, p. 353) found 
several well developed levels at the following elevations 
(feet); 120, 220, 300-440, 600, and ·soo. The Kingfield 
quadrangle has levels at 600 feet, 900 feet, 1,000 feet, and 
1,100~1,200 feet~ 
The physiographic boundary between the White Mountain 
section and the New England Upland section passes through 
the quadrangle~ Fenneman (1938, P• 344) described the New 
England Province as a plateau-like upland, the New Eng land 
Upland section, surmounted by residual mountains of the 
White Mountain section. n1e plateau can be detected in a 
reg ion (Fenneman, 1938, p. 360) by the recurrence of 
accordant summits at certain elevations or of moderate ly 
level surfaces. In an area north of Moosehead Lake in Maine 
the horizon of t h e largest expanse of plateau in New Eng land 
occurs at 1,100 to 1,250 feet. By using his criteria a 
study of the topographic map of Kingfield reveals that the 
tops of many of the hills fall ~nthin this range of eleva-
tions. This strongly suggests that they are the dissected 
remnants of the uplifted plateau surface of t h e N~~ Eng land 
Upland section. Peaks which rise above 1,250 feet are prob-
ably the residual mountains or monadnocks of the V.Jhite 
Mountain ·section. 
The distribu~ion ·of streams in t he early pre-glacial 
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drainage pattern of the quadrangle is very difficult to re-
construct. If wind and water gaps had been developed in the 
could have been so modified by glacial processes 
that they show no topographic expression in the present land-
Terraces were modified , but they were neither des-
by glacial scouring nor completely masked by the till 
In a general description of the evolution of Maine 
•cenery Perkins (1930, p. 86- 87) wrote that a stream may 
have flowed south from an area northwest of t1oosehead Lake 
occupied parts of the present valleys of Spencer Stre~~ 
the Dead, Carrabassett, Sandy, and Androscoggin rivers . 
t his old river was broken into the sections 
now known as t he Moose, Dead, Carrabassett, and Sandy rivers. 
It is impossible to evaluate this statement for he neit her 
detail nor reconstructed the drainage of this 
stream. 
A study of aerial photographs reveals that although 
the major valleys are choked by g lacial debris, they owe 
to the fluvial erosion of streams which were 
lowing in them before the onset of g laciation. The major 
atures of the landscape which constitute the topographic 
undoubtedly developed before glaciation. In 
streams were probably flowing in valleys that 
reached t he stage of late maturity in the cycle of 
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erosion. The valley of the Carrabassett River (1-3) as it 
enters at the north edge of the quadrangle is an exception 
as t hi s valley is in the stage of youth. Because the valley 
of the West Branch is much further along in t he erosion 
cycle, this indicates that the ma~n drainage of the Carra• 
bassett above Kingfield was located in this valley until the 
capture of the headwater drainage basin was effected by the 
Sandy River in the Phillips quadrangle. 
The topographic "grain" of the area is the r esult of 
differential erosion of the fundamental structure and subse-
quent modification by g laciation-. The term "structure" is 
used in the sa~e way that Thornbury (1957, p . 18) has advo-
cated. As well as implying fo lds and faults, it includes 
all t hose ways in which crustal materials differ from one 
another in their physical and chemical characteristics. 
TI1e attitude of the bedding and foliation of t he rocks 
is an important factor in the development of topographic 
"grain''. The steeply dipping beds strike generally north-
eastward; the foliation very often parallels t h is trend. 
Minor deviations in these trends occur in the rocks i n the 
vicinity of the plutonic rock. Differential erosion along 
these structural trends has produced elongate hills and 
ridges with long intervening valleys. Although many elon .. 
gate hills and ridges are common in the area, the Netv Vine-
yard Mountains {7-6)~ New Ro~tland Hill (6~5), All en 
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Pinnacle (4-5) 1 Welcome Hill (5-1) 1 Freeman Ridge (1-9), and 
the Hunter-Pratt ~ountains (7-9) are the best eY~ples . 
The rocks vary greatly in geomorphic competency. The 
most incompetent rock is limestone because only ~1o outcrops 
were found in the entire quadrangle, and these were in the . 
valleys of Valley Brook (7"4) and Barker Stream (8•8). 
This, of course, could be due to the fact that limestone is 
apparently not prevalent in the stratigraphy. Although cal• 
careous rocks crop out on many hills, t he limestone does not, 
This suggests that the tendency for limestone to be decom,. 
posed by meteoric and ground water has had strong influence 
on limestone outcrops in this area. 
The fine .. grained variety of granitic rock seems to be 
geomorphically incompetent. The large basin• l i ke lowland 
area of Lexington Flats (3•2) and North New Portland (3-e) 
is developed on this rock type. The hills which rim this 
low area are composed of the contact phase of the pluton--
coarse-grained granitic rocks and high•grade metamorphic 
rocke. Wolfe (oral communication). Moench (1954• P• ll•l2)t 
J ; 
and Cariani (1958t p. 138•139) have noted similar occur• 
rences in the region. They believe that basins or large 
valleys are formed in the granitic rock after erosion of a 
protective hornfels zone. After removal of this resistant 
hornfels• the underlying coa~se-grained granitic rock is 
rapidly decomposed and eroded. Continued erosion will 
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expose the fine-grained granitic rock in the interior of the 
plutons which is even less resistant to erosion, and hence 
large valleys or basins will tend to develop. When ridges 
or hills are composed of granitic rock, the protective horn-
fels has been removed only recently, and not enough time has 
elapsed for the granitic rock to be lowered by erosioR, The 
evidences in the quadrangle support this theory, 
The high-grade metamorphic rocks near t he contacts of 
the pluton tend to form positive relief features, Although 
no true hornfels zone was noted in the area, many of the 
metamorphic rocks in contact with the pluton were high-grade 
with incipient hornfels texture--fine-grained and decussate. 
The metamorphic rocks around Vose Mountain {2·1) and in the 
northeastern section of the quadrangle have this characteris-
tic, and they form high mountains~ Gilman Pond Mountain 
(3-4) apparently is an exception to this theory for it is 
composed of fine- grained granitic rock . However, both .simple 
pegmatites and tour maline are present in t h e granitic rock. 
This suggests that volatiles may have been concentrated in 
this portion of the pluton. The roof of the cooling pluton 
probably would be enriched with volatiles as they would tend 
to diffuse upward and be trapped by the overlying metamor ... 
phosed country rock . Possibly this country rock was 
stripped away just before the onset of Pleistocene glaciation 
exposing to erosion what is -now the fine-grained rock making 
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Gilman Pond Mountain. 
The slates of all the formations are not conspicuous 
~idge-makers . If they are closely interbedded with quart-
zites, then they will form some of the lower hills, The 
non•bedded phyllites of the Lost Brook Formation are more 
competent than the slates probably because they are more 
massive and less cross-jointed. 
The lime-silicate quartzites and the schists have 
relative ly poor resistance to erosion . In this quadrangle 
the lime-s i licate quartzites crop out i n t h e va lleys and in 
sever al places along the banks of t he Carrabassett River. 
The broad valley of the West Branch (1- 8 ) may have been 
carved out of this rock type. The schists, especially those 
of t he Parmachenee Formation , are susceptible to erosion un-
less t hey are closely interbedded with quartzites. Par-
schists generally crop out i n t he valleys. Those 
however, in contact with t he Madrid Formation do 
on some of t he hills. 
Impure. sandy quartzites and mas~ive, slightly calcar-
quartzites are t he most competen t rocks t hat make up 
the hills and the mountains. All the high relief features 
1n the sou thern part of the quadrangle are composed of t he 
calcareous quartzite. Many of the hills in t he central per-
of the quadrangle are developed on the sandy quartzites. 
The Carrabassett and Sandy rivers, both major streams. 
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are flowing L., valleys which are transverse to t he regional 
structure, The Carraba.ssett originally flowed i n the valley 
of the vlest Braneh~ As the stream began downcutting~ it ad-. 
just:ecl to the structure of a syncline plunging and trending 
northeastward1t In the vicinity of Kingfield it encountered 
the high - grade metamorphosed beds which ware warped and rela-
tively resistant t o erosion, .These rocks deflected the 
course of t he stream so that it adjusted to a trend of weak-
ness 1n the rock s which was imparted by a regional joint se t 
t hat t rends across t he beds , 
The valley of t he 8arrabassett north of Kingfield is in 
t h e stag e of youth in t..1,.e erosion cycle, though south of 
Kingfield t he valley has reached the late maturity stage ~ 
This ~iomaly, coupl ed vnth the fact that t he valley of the 
West Branch is in late maturi t y , strongl y supports t h is con-
clusion on the nature of t he pr e- g l acia l drainage of t he 
Carrabassett P~ver. 
The reason for the transverse drainage of t he Sandy 
River is not evident_ Faults do not control the development 
of t he stream because none have been noted i n t he quadrangle, 
~~ench (1954, p. 15) sugges t ed that minor struc t ures, such as 
joints, aided t he stream in its development of transverse 
trends;. His theory is apparently valid in t he I<i.ngfield 
quadrangle because similar joint trends have been noted. 
I 
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Glaciation 
Pleistocene glaciers completely covered a.nd modified 
the mature landscape by scraping off the thick mantle of 
soil, by polishing and rounding the bedrock , by enlarging 
the valleys, and by depositing drift. 
Erosional features 
Although this region of Maine was apparently covered 
by the Laurentide Ice Sheet during the four stage s of 
Pleistocene glaciation (Fenneman, 1938, p. 381; Flint, 1957, 
p . 314), only the deposits and effects of the last stage are 
evident in the present topography. Both Fenneman and Flint 
cite evidences of g laciation that indicate the ice sheet has 
covered the tops of Mount \.fashington and Mount Katahdin, 
both of which are over 5,000 feet in elevation. That por-
tion of the Laurentide Ice Sheet which covered the quadrangle 
had to be at least thick enough to cover the highest moun-
tains because all of them have outcrops with glacially 
smoothed surfaces. The ice sheet was more than 4,000 feet 
t h ick. 
The general movement of the ice sheet was southeast-
ward with local variations on the flanks of some of t he 
higher hills as the ice was deflected around them. The 
trend of recorded glacial striations and grooves ranges from 
s. 20° w. to s. 70° E. , but the average trend is about 
s. 30° E. Flint (1957, p. 61) contends that most striations 
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that have been mapped were made near glacier margins during 
deglaciation and do not indicate movement of t he ice during 
expansion of the ice sheet. If this is true, then all that 
can be said for the striations in the quadrangle is that 
they record the direction of late glacial movement in the 
WisconSin stage• No crossed striations or. crescentic marks 
were observed. 
Although the effects of glaeial quarrying are evident 
on the lee slopes of the high mountains, stoss-and~lee 
topography is not developed. Vose Mountain (2-1), Day Moun• 
tain (7-7), and the New Vineyard mountain group (7-6) all 
have extensively developed "steps" or clifflike slopes on 
their southeastern flanks or lee sides. On Day Mountain and 
t he New Vineyard Mountains many striations indicate that gla~ 
cial movement was almost directly across, or at right angles 
to, the strikes of the bedding ~nd foliation. This relation 
between the attitude of t he structure of the bedrock and t he 
direction of ice movement ~ay have intensified thEa quarrying 
action by the over-riding ice sheet. Even though the stria-
tions do not trend directly across the structure of t he meta-
morphic rocks on Vose Mo~tain , "steps" are extensively 
developed on the southern slopes. 
Mos"t of the hilltop,s are remarkably smooth and broadly 
rounded (Figure 33 ) • When the bedrock of t hese hilltops is 
exposed, generally t he surfaces are polished and striated~ 
!·~--~----------------------------------------------------
Fi gure 33. --Thc glacially rounded crest of Dyer tri ll located 
1 mile cast of Strong . The partially preserved polished surface is 
developed on the Dyer lli ll slate of t he iiadrid FormatiOl'l. Day ~Ioun­
tain is visible in t he background. 
N 
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When t he hilltops are not bare. the outcrop surface usually 
is covered by evergreens rooted in a few inches o f moss and 
till~ Thin deposits of glacial till cover the stoss slopes 
of the hills, whereas thick deposits mantle t he lee sides. 
In some places, especially on the hillsides north of Gammon 
Pond (5-5)& the drift sheet is over thirty feet thick . At 
least this thickness of stratified sand and gravel layers is 
exposed in a gravel pit in this locality. 
True Hill (4-7) is exceptional because it is an ex-
cellent example of an unsymmetrical hill ~nth a gentle slope 
facing upstream (stoss side) and a steep side facing down-
stream (lee side) in relation to the gl acial movement . The 
elongation of t he hill is almost parallel t o the trend of 
nearby glacial striations, whereas it i s at right angles t o 
the strike of t he bedding and foliation. The asymmetry of 
this type of hill indicates ~miah of t he two directions re-
corded by the striations was taken by the ice. In this quad-
rangle the ice moved southeastward. Apparently, when the 
ice sheet moved directly across the structural trends of 
steeply dipping massive quartzite beds, the plucking action 
by the ice vr.as enhanced and steep slopes were developed. 
The ice sheet deepened, widened, and straightened the 
valleys of the preg lacial mature topography . The drainage 
pattern of the tributary streams was accentuated, The ice 
stripped away the t hick mantle of residual soil leaving in 
I 
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its place the ubiquitous drift, 
Depositional features 
Glacial deposits can be generally classified as either 
meltwater or ice deposits, Meltwater deposits are t ho se that 
are formed by water originating from the waning glacier~ 
These deposits include t hose developed on t he ice surface, 
at the edges of the ice along valley sides~ and at the fronts 
of stagnant ice blocks, Deposits which are formed in the 
numerous lakes associated with the receding ice front are 
grouped with the meltwater deposits. Materials that are 
dropped directly by i ce action build the ice deposits . 
Glacial till is the most common mat erial deposit ed 
directly by the ice . This till is unsorted and unstratified 
sediment ~vith many different kinds of r ock fragments ranging 
in size from c lay to boulders. Advancing glacial ice some-
times deposits a compact till which is called "basal till " . 
Waning ice sheets deposit a loose, coarse-textured material 
which is called "superglacial till"· Although both types may 
be present in the quadrangle, no attempt was made to distin-
guish between themw Superg lacial till is probably the domi-
nant material t hat makes up the till sheet because almost all 
of the glacial deposits found in the area are associated with 
the wasting stage of glaciation. 
The distribution of the till sheet is irregular. Ex-
cept at the very tops of many hills and mountains where the 
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till is absent or patchy, the till sheet is widespread 
throughout the entire quadrangle. It is consistently 
thicker at the bottom of the southeast hillsides than it is 
on the northwest sides. The thickness of t he till sheet may 
average around twenty feet, but in an area north of Gammon 
Pond (5-5) it may be up to seventy feet thick. 
The till is usually loosely compacted and contains 
var iable amounts of clay fragments, sand, pebbles, and 
boulders. It usually has a light gray or bro~m color in the 
field. The \-reathering is not very great because the zone of 
oxidation is generally not more than a few inch es below the 
surface. Iron-stained oxidation zones about a f oot t hick 
were occasionally noted . 
A s tu dy of the topographic map indicates that appar-
ently there may be a direct relation between the form of 
contour lines and the presence o£ a thick, clayey till sheet. 
Many areas on the southeast slopes of the hills and moun~ 
tains are represented by very crenulated contour lines. 
Examples of t hese crenulated contours are southwest of 
Foster Hill (4-1) and north"t-JeSt of Gammon Pond (5-5). Field 
studies in these areas found that outcrops were nonexistent 
and that apparently the till was thick. The crenulated na-
ture of these contours probably expresses the development of 
numerous gullies on consequent slopes during periods of heavy 
precipitation. As the ice ~isappeared• fluvial erosion would 
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have developed rills and gullies on the surface of the till 
if clay was in gre.at enough amounts to make the till rela-
tively impervious. 
An area with interesting topographic features can be 
found in the central part of the topographic map in the 
v~cinity of Gan:mon Pond. A study of aerial photographs and 
the topographic map reveals that a number of low, elongate 
or oval hills are in subparallel alignment , Although one or 
two of the hills have the classic drumlin form, most of them 
have a drumloid appearance~ They occur i n an area of t hick 
drif t deposits, but it is not known ~~ether t hey are rock-
cored or composed of stratified drift. TI1eir long axes 
generally trend s. 45° E. Moench (1954, P» 25) found similar 
features oriented in a s. 55° E. direction in the Phillips 
quadrang le ~.fnich he called udrumlinoid till areas". Thorn-. 
bury (1957, P• 391) believes that drumlins are developed by 
the lodgment of till, l1ith subsequent overriding and r eshap ... 
ing .by ice~ This theory may be applicable to these drumloid 
features of the Kingfield quadrangle, These features give 
flow di.rection of the ice even bette!' than striations do . 
Disappearance of the last ic~ sheet in New England was 
characterized by stagnation ·(Perkins; 1930 , p, 82 ... 87; Fl int, 
1931, p~ 174-176; Fenneman, 1938t Pll 386-391}~ As the t h ick -
ness and extent of the ice ma.ss i n this part of Maine con-
tinued to decrease, t he marginal ice zone broke i nto several 
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large blocks.- Often these masses of stagnant ice served as 
temporary valley walls for meltwater streams, Long glacial 
lakes frequently developed behind dams which were formed as 
these ice masses or glacial sediments blocked the drainage 
of meltwater in the valleys, As ablation of the ice contin .. 
ued, successively lower outflows or channels developed and 
drained the glacial lakes, These temporary base levels may 
have consisted of bedrock; ice blocks, or earlier glacial 
deposits beyond the margins of the stagnating ice blocks, 
As the ice melted away the sea may have taken its place in 
some parts of the area. During the continued removal of the 
ice load , adjustment of the crust may have occurred as uplift 
and t he sea then retreated from the region (Caldwell, 1959, 
p. 15-17). According to Wolfe (1953, p . 1566) positive move-
ments of the New Eng land crust may have developed in response 
to subcrustal differential expansion related to the presence 
of a blister or convection cell. 
I n making a survey of road materials of Maine , Leavitt 
and Perkins (1934, p. 136-263) located and analyzed many of 
the glacial deposits in the Kingfield quadrangle. Much of 
their information has been verified by the writer and was in• 
eluded on the geomorphology map along with the information 
obtained during the field studies. They located deposits 
such as kames, kame terraces; wash pla'ins; eskers, and allu• 
vial terraces. 
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Some o~ the most striking features of t he landscape 
are the wide, level plains Which are developed in some of 
the wide valleys~ These sandy plains can be located in the 
following areass Lexington Flats (2•1), East New Portland 
(6-2), and Kingfield (2•4)~ , These flat areas are the topo-
graphic expression of stratified glacial drift deposits that 
were probably deposited in ephemeral glacial lakes occupying 
the valleys below the edges of stagnant • melting ice blocks~ 
For a distance of about three miles from Kingfield . up 
the broad valley of t he West Branch (1-8 ) t he t erraced valley 
floor is covered with stratified deposits of fine sand and 
gravel~ In the vicinity of North Freeman School (1-8 ) the 
plain abuts against a complex of glacial deposits probably 
composed of stratified sand and gravel in t he J_orm of ka.'lle 
terraces and kame moraines. The deposits are pitted \~ith 
kettles; i n contrast, the surface of the downstr eam plain 
has only a few kettles. The up$tream portions of the kame 
complex appears to have the irregular surf aces characteris-
tic of ice .. contact faces~ Apparently• these deposits are the 
result of glacial and meltwater deposition at t he end, and 
along the sides~ of a large block of melting ice which ex• 
tended upstream into the Phillips quadrangle. A dam may have 
existed in the Carrabassett River .valley near Taylor Brook 
(2-8) which backed up the water to form a large g lacial lake 
extending up ~o the edge of the ice block ~ The deposits 
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which veneer the floor of t he West Branch {1•8) may have 
been t he result of glacio ... fluvial processes~ in which case 
it would be called an outwash plain, or the glacial sedi-
ments may h.!Ne been deposited in a lake as the result of 
glacio-lacustrine processes. No clays or varved clays were 
found in this valley. 
In the valley of the West Branch (1-8) Leavitt and 
Perkins (1934, p. 168 .. 169) noted that "the deposit has the 
typical structure of a wash plain, s.and below with thin 
gravels on top. 11 Several eskers occur on the plain near 
Alder Stream (1-6). Unfortunately, these eskers occur in 
the parts of t he plain that have been eroded by t he new 
water courses of the West Branch, and the downstream parts 
of the eskers which may have been connected to fans or 
deltas have been removed. - Aggrading streams that flowed be• 
neath the stagnant ice probably deposited the eskers. The 
later deposits of the outwash plain were not thick enough to 
completely cover the eskers. 
The complex of kame moraines and kame terraces at North 
Freeman School (1....-8) must have formed a dam behind which the 
meltwater of the wasting ic~ block was ponded to fonn a long 
lake extending upstream into the Phillips quadrangle. 
Leavitt and Perkins (1934, P• 136-137) reported deposits of 
ff..ne sand and clay located upstream from the kame complex.-
Behind the dam the hummocky deposits are pitted by numerous 
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kettles. The dam has been breached since glacial times only 
by a very narrm-1 channel of the West Branch (1-7) . 
A later outwash fan or alluvial fan extends outward 
from Valley Stream (l-4) and dissects the outwash plain 
materials. This fan merges .with the alluvial deposits of the 
West Branch. The braided nature of its sedimentary deposits 
is clearly visible on aerial photographs. Unpitted kame de• 
posits are common along the sides of the valley. A number 
of these terraces are found on the slopes of the narrow 
valley of the Garrabassett River ~1ere it joins the outwash 
plain north of Kingfield ( 1-3) . The lower, wider kame ter-
races are younger than the narrow, higher ones. As marginal 
meltt•7ater streams flowed along t he ice and the stdes of the 
valley , t hey developed s tratif ied deposits of mediu~ sand 
and gravel . At the mouth of the narrow valley t hese deposits 
would be wider because the streams would tend to form out-
wash fans as they escaped t heir confining channels. The 
higher terraces would form first, and as the surface of t he 
ice block was lowered through successive stages of melting, 
terraces 'vould fQrm at each stage. 
The Gilman Pond-East New Portlm1d area (3•2 to 3-8) is 
another widet level plain containing many different types of 
glacial deposits. Eskers, kames, kame terraces. abandoned 
sluiceways, and wash plains have been developed. One esker 
is almost one and a half miles long. A dirt road follows 
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its unuulat~~ sinuou s cr~st . 
As t. e ice sheet. uas lm-1ered by ablatior. o.nd meltL"!z , 
it probably separated into a :number of large i ce b locks fill<~t 
ing the valleys of the Carrabassett River and Gilme.n Strea'!l. 
As these blocks melted up the val leys, the meltvmter strear.1s 
created the various glacial deposits~ eskers) k.;unes , !<ame 
terraces) and outt•rash fans, Fine sands and gravels make :!p 
the stratified deposits . In several places the t·Tinc1 has re-4 
uorked the sand into dunes ( Fi gure 34 h No clays vJere noted 
in this area~ 
A large ice block ·He.s probably l ocated at (;ibw.n Pond 
(3-4) dt!rtr.g t h e ice Ha!it a.ge. Upstreem from Gihnrrn Pond in 
~ 
the Lexington Pl ato area t he deposits are compooed of very 
f i n e, stre.tificd sands. 'n1cy have t he cppearar~c c o[ le.cu s .. 
tr'l11c deposits . 
Evice11ces accu:nule.ted by other t·rorkers L"l"l tr~is par t of 
Hail1c indicate that parts o f tho Kem1ebec drainage basi n 
probably f orr:1ed a marine estuary during the l ate melting 
stages of the Pleistocene glacierj In &upport of similar 
conc lusions Cal~~ell (1959 , P• 16) states that: 
n1us clays thought to be marine from t he nature of 
their contained fossils lie at appro~tely 25 feet 
above sea level near the coast, at ab~t 100 fe€t near 
Augusta, between 280 and 340 feet i11 the Sandy River 
valley, and may reach elevations i11 eY..cc.ss of 400 feet 
farther upstream in t he Kennebec River valley. 
n1e weight of t he last Pleistocene glacier lilich 
covered t his part of Maine depressed t he crust, and upon the 
Fi gure 34. ·-Blo"Q-7- outs are developing in t he partially sta-
bilized sand deposits of the glacio-fluvial p lain i n t he Gilman Pond 
area. Sand dunes are developi ng 1 mi l e west of Nort h New Portland 
along Route 16. The glacially polished and rounded Gil man Pond Moun-
tain is visible i n background. 
N 
-1>-
w 
244 
melting of the ice, crustal recovery was not complete, This 
depressed area of Maine was lower than sea level at that 
time, and marine waters invaded the inland areas along major 
stream valleys, of which one was the Kennebec River valley, 
Continued plastic recovery of the crust since that time has 
raised this part of Maine to its present elevation above sea 
level. 
Late 1n the Pleistocene an arm of the Kennebec estuary 
may have flooded portions of the· Kingfield quadrangle up to 
the 400 foot contour level (Leavltt and Perkins, 1934, p, 
210-211; Cariani, 1958, p. 166). The last glacial material 
from the melting of an ice block at Gilman Pond (3•4) could 
have been deposited in an arm of this Kennebec estuary which 
may have extended along t he Carrabassett River val l ey into 
the Kingfield quadrangle. No marine clays, however, were 
found in this valley of the Carrabassett River or in the area 
of Gilman Pond. The absence of beaches and wave-cut ter-
races could be explained by assuming that the marine inva-
sion was of brief duration. 
The Kennebec estuary may have extended other arms into 
the Kingfield quadrangle. The marine limit may have reached 
into the quadrangle as far as Gree~od Stream (6-8) Which 
aonnects with the Carrabassett River in the North Anson quad-
rangle. Although no clays were found here, t his low valley 
is filled with fine sand deposits and organic material. ln 
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the area of West t1i.lls along Falls Brook (9- 9) an arm may 
have extended from the Kennebec River in t he Norridgewock 
quadrangle by way of the Sandy River and Lemon Stream val-
ley-s. In a bank about fifty feet high along Falls Brook at 
an elevation of approximately 440 feet light gray unfossilif• 
er·ous clay more than ·twenty feet thick is overlain by a 
mantl~ of drift. No varves or stratifications were noted in 
the clay. If this is the same as the light gray marine clay 
noted by other workers (Cariani, 1958, p. 166; Caldwell, 
1959, P• 14), t hen marine waters did advance into the King-
field quadrangle, but the correlation is uncertain. 
The terraced deposits of sand and gravel in t he valley 
of the Sandy River near Strong (7-4) are t hought to have 
been deposited in a glacial lake and l ater r~~rked by t he 
fluvial erosion of t he river. Caldwell (1959, p . 18 ) stated 
that the Glacial Lake Farmington extended at least as far as 
Strong, His conclusions were made on t he basis of clay 
stratigraphy underlying the sand and silt deposits. Several 
kame terraces and some portions of t he outwash plain de-
posits still exist at higher elevations along the valley 
slopes; the floor of the .valley consists al~~st entirely of 
a number o f well-developed alluvial terraces lvhich were 
formed by the down-cutting • erosional activities of the 
Sandy River. 
The valleys of Taylor Brook (2-7) and Luce Brook (5-5) 
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in the central part of the qu~drangle have t hick deposLts of 
glacial drift, During the deglaciation of the region an ice 
mass must have been located south of Freeman Ridge (10i19), 
One lobe extended down the valley of Taylor Brook, Melt~ 
water streams which issued from the valley into the Carra~ 
bassett valley built an outwas·h fan, A la~:ge i.ee block may 
have advanced in the Ca.rrabassett valley and lodged at the 
east end of Welcoma Hill (2 ... 8 ) 41 This may have d&-mted the 
waters upstream to such an extent that t hey overflowed the 
ice at its edges along the valley walt, A study of aerial 
photographs reveals t hat a sinuous abandoned drainage channel 
has been qut across the Taylor Brook outwash deposits at an 
elevation of 700 feett The channel has sharp edges at top 
and bottom~ The valley of t h e channel is flat bottomed and 
uniform in cross-section.. These characteristics may indicate 
an overflow ·channel of a g lacier lake (Charlesworth, 1957 • p. 
459 ). 
The waters of the ice lobe in the vall~y of Luce Brook 
(5-5) deposited eskers and kam·e terraces in the vicinity of 
Fre·eman Ridge (4 .. 3), Farther down the valley they deposited 
a valley train, and at the mouth of the valley an outwash fan 
was developed which extended across the L~~n Stream valley 
(5 ... 8) ~ This outwash fan abutted against the hill underlain 
by bedro~k ~t G·reat WQrks (5•5). 1he dam thus created 
blook.ed the drain~·e of meltwaters co11e.oting in the upst-ream 
I 
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porti4'nS of Lemon Stream. Fine sands collected in this lake. 
Finally, the level of the lake rose to such a height that 
waters overflowed the dam. Eventually an outlet was cut in 
the outwash £an material. 
Several other valley trains exist in the quadrangle~ 
These• as well as sev4ral other kinds of glacial deposits, are 
indicated on the geomorphology map. 
• • 
The only deposits in the area that have been signifi• 
cantly eroded in postglacial time are the outwash and lake 
deposits of sand and gravel~ During the same time interval 
parts of the till mantlet t he ice contact deposits, and the 
bedrock have suffered very little erosion. 
Streams in t he major valleys have extensively eroded 
the oub7aSh plain and lake deposits. As temporary base levels 
were lowered, the gradients of the stre;ws were increased~ 
With · renewed vigor the streams cut into the easily er0ded 
sand and gravel deposits that extended aeross the valley 
floors. The.se sands and gravels were reworked into alluvial 
terrace deposits whleh are so commonly foWld below the level 
of the outwash plains. Meander scrolls can be seen i.n the 
aerial photographs of these deposits. The alluvial terraces 
ot the quadrangle have been mapped from aerial photographs 
a.rtd are indicated on the geom,,-rphology map. The most exten"' 
si~ely developed alluvial terraees are found in the vall~s 
/ 
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of the West Branch ( 1-8), Sandy River (7-7) 1 and the Carra• 
bassett River ( 2~4). 
The till s-heet was eroded mainly by mass ~1asting 
processes, among w1ich solifluction may have been dominant. 
The till has variable amounts of elay. The presence of clay 
in the til l covering the hill s would facilitate the slow 
dolt-m,..flowage of water-saturated till masses under the pull of 
gravi ty• The heavy cover of veget ati on would tend to hinder 
this process except on the very steep slopes , Erosion by the 
small tribut'ary streams has not progressed vary far because 
most of them are still flowing on the till sheet . 
Most of the ice contact deposits are located at higher 
elevations than the main stream channels ~ Some occur well up 
on the sides of the valleys~ The down cutting energy of the 
streams has not had enough time to erode them. Erosion by 
runoff is inbibi ted by the sandy1 porous nature of these gla• 
cial deposits. In t his quad~ang1e the kame terraces, kames• 
and eskers are remarkably pres erved. The presence of a large 
esker beside the Carrabassett River north of New Portland 
(5•2) testifies to this, 
Very little of the bedrock surface has been removed 
sin.ee the end of glaciation<~ When the bedrock crops. out on 
hilltops.~ the glaeially polishad surf·ace will be intact in 
a l most every case, Outcrops .a:re found in the floor of th;e 
narrow val ley of the CarrabaS$ett Riv~r at tha northern edge 
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of the quadrangle (1 ... 3). Some of these still have unmodified 
glacially polished and grooved surfaces even though the stream 
is actively eroding its channel only a few feet away-. Streams 
which have not been able to relocate their former channels as 
they cut through the outwash deposits .oocasionally have super~ 
posed their channels on bedrock.. As the streams now flow 
over these outcrops they form cascades4 Such cascades are 
found in the Carrabassett River at Kingfield (2•4) ~~d at 
East New Portland (6~3). Gilman Stream flows over granitic 
outcrops at North Ne"r Portland (3-9). Extensive cascades are 
found in Falls Brook at Wes t Mills (9-9). This stream floHS 
not only across t he structure of the metamorphic rocks but i n 
several p laces follows the strike for hundreds of feet . 
Tr .. ro tributary streams have abnormal junctions with 
their main streams. Ledge Brook (1-3) at the northern edge 
of the quadrangle is a small tributary stream with a steeper 
gradient than t hat of the Carrabassett. However• as Ledge 
Brook joins the Carrabassett it flows over an outcrop and 
falls about eigh t feet into the river. The outcrop forms a 
temporary base level which the tributary stream has been un-
able to erode fast enough to keep pace with the down cutting 
of the Carrabassett. l3ecaul:le of the permanent nature o f the 
Carrabassett River, it erodes its channel throughout the year . 
On the other hand,. dur1.ng the summertime, especially during 
abnormally dry years., Ledge B~ook is reduced to a mere 
I 
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trickle of v1ater with weak erosive power, The i ntennittent 
nature of Ledge Brook has been responsible for the develop-
ment of the discordant confluence- Eventually the ever in .. 
creasing gradient of Ledge Brook will intensify t he erosional 
abili t:y of the brook so t hat the outcrop vrl.ll be removed. 
Lateral erosion b.y t he Carrabassett River will augment the 
removal o.f the temporary base level.., 
The confluence of Valley Brook and t h e Sandy River at 
Strong (7-4) is discordant.. Valley Brook c a scades several 
feet over a bank of coarse debris . The debri s dam probably 
forms during spring floods when the t r ibu tary stre am dtLrnps 
quantities of boulders and coarse gravels i n to the Sandy 
Ri.ver. Some of this mat erial is too heavy to be completely 
r oo.toved by t he Sandy River and it accumulates at the mouth of 
Valley Brook . During the summer flm·1 of the brook the vol .. 
ume of water is so greatly ~iminished t hat it cannot erode 
the debris and i s forced to flow over the dam before joining 
t he Sandy River. 
Swamps are common in t he area. Most of the small 
swamps have developed in the swales of t hick gr:ound morai ne 
located in the headwater portions o f the tributary stream 
valleys. Here t he streams are sluggish and the drainage is 
generally not integrated, organic growth is rapidly filling 
in these stagnant waters" Beaver dams oormnonly hinder the 
s~ream drainage in these localities. The swamps at Lemon 
/ 
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Stream (S-5) and at Sandy Stream (3-4) have extensive accumu-
lations of organic material which may be filling in former 
g lacial lake bottoms. Sands and silts probably underlie the 
organic materiaL 
Several stabilized sand dunes occur on the north side 
of Route 16 near the 429 foot bench mark ( 3-8). GlacLo-
fluvial sands were reworked into dunes by wind action, and 
t:hen plant cover stabilized them. A local blowout is develop• 
ing where a side road has cut thr~ugh one of the dunes 
(Figure 34). 
A stepped characteristic has been developed in the 
large valleys of the quadrangle~ The level surfaces of post• 
glacially developed alluvial terraces rise successively to 
higher elevations Where they merge with broad outwash plain 
remnants or with kame terraces which persist along the sides 
of t he valleys. This stepped appearance of the landscape is 
especially well-developed around Kingfield in the valleys of 
the West Branch and the Carrabassett River. A number of allu-
vial terraces occur in Sandy River valley. 
I 
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VIII. ECONOMIC RESOURCES 
Sand and gravel are the principal known mineral re-
sources of the Kingfield quadrangle. These materials are in 
demand f.or road building and other types of construction. 
Because of the low unit cost of this bulky material, haul-
age CQSts prohibit the use of a pit which is located more 
than a few miles away from the c;onsti:uction site. In t he 
past the material produced from existing sand and gravel 
pit s has been utilized only by local construction. As high-
ways tend to follow the large valleys, ample deposits of 
sand and gravel can be found as the material composing out-
wash p lains, alluvial terraces, kames, kame terraces, and 
eskers (Figure 3~. The reserves of this material in t hese 
deposits are more than enough to supply any future hi ghway 
construction in the area. 
Caldwell {1959, Plate I) has located clay deposits, 
generally overlain by sand and silt, in the southern part of 
the quadrangle in the valleys of ~he Sandy River (7-8 ) and 
Barker Stream (8- 8).. The clay deposits are probably thickest 
beneath the . high aliuvial terraces. His report on the re-
sults of his laboratory research on t he characteristics of 
the clays suggests that they may be su itable for use in 
lightweight aggregate. By combining cement with this 
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Figure 35. - -A kame terrae·e composed of cross-bedded sand 'd th 
some gravel layers . The pit l.s located 3. 5 miles north of Strong 
along Route 145 . 
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aggregate a lightweight cement can be produced.. These clays 
may be of economic importance in the future~ 
A report by the Mineral Resources Study and Repor t 
Group of the Netv England·New York Inter-Agency Committee 
· (1954~ p , 3) mentioned that a small~ , unrecorded quantity of 
gold has been produced from pyritiferous slate at Strong ~ 
Small grains of pyrite and pyrrhotite are disseminated 
throughout many of the rocks of the quadrangle, but the 
amounts are too small to be of economic value. No massive 
sulfide bodies were noted. Pratt and Allen (1949, p . 24- 25) 
evaluated a pyri te-bearing phyllite that crops out in Strong 
(7-4 ) and considered it to be uneconomic. 
Black , thin beds of limestone are interbedded with 
black slates in two outcrops located in the southern part of 
the quadrangle. The low calcium carbonate content, the size . 
and the nature of the outcrops indicate that they are not 
suitable for utilization in cement manufacturing. Pratt and 
Allen (1949, p. 28) evaluated an outcrop of lime-silicate 
gneiss located approximately on the Phillips-Kingfield 
boundary near Strong (7-4) . They considered it to be 
uneconomic . 
In terms of economic geology some other mi scellaneous 
occurrences in the quadrangl awere noted. A small, abandoned 
' granite quarry is located on Br~ckett Hill (2-6); it probably 
.......__ 
used the granitic rock as dimension stone. Safford Pond 
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(2-3) may contain some peat and diatomaceous earth deposits, 
Allen and Pratt (1955, p. 89-90) have estimated that t here 
are at least 35,000 cubic yards of diatomaceous earth in Hid 
Pond located 1 mile northwest of Safford Pond in the Little 
Bigelow Mountain quadrangle. The close proximity of this de-
posit to Safford Pond suggests the possibility of a similar 
type of deposit . Peat occurs in many of the large, swampy 
areas. 
In conclusion, the outcrops of t he quadrangle show no 
unusual mineralization in significant amounts to be of 
economic value at the present time. 
I 
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IX. GEOLOGIC HISTORY 
The non•bedded phyllites and schists of the Lost Brook 
Formation represent the oldest rocks of the Kingfield quad-
rangle. Their sedimentary equivalents--shales or mudstones•• 
were originally deposited in the deep portions of a geosyn-
cline which existed in this area during Ordovician or Silur-
ian times. The lack of bedding and the fine size of the 
particles making up the sediments indicate that the deep 
portions of the geosyncline ~1ere either stable or slowly 
subsiding. 
A rapid change 1n the depositional environment i n the 
Silurian is suggested by the characteristics of the rocks of 
the Perry Mountain ·Formation. The rocks are composed of 
thin, well-bedded schists and graded quartzites which have a 
varved appearance (Figure 5). This rhythmic interbedding of 
the original shales and graded sandstones indicates cyclical 
conditions of marine deposition in comparatively deep water. 
Pettijohn (1957, p. 617) suggests depths ranging from 1;000 
to 5,000 feet for the development of this type of sedi• 
mentary deposit. The presence of sands in this environment 
can be explained, according to Kuenen and Migliorini (1950, 
p. 122•126) by the action of turbidity currents which period• 
ically spread over a marine basin leaving graded sandstone 
:I 
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beds in their wake. Alternating with these times of turbid-
ity current activity were periods of quiet deposition of 
clay and silt. 'lllese turbidity currents may have been 
triggered by crustal tremors which preceded or accompanied 
the uplift of the geosyncline. 
Continued uplifts of the geosyncllnal area may have 
developed the barred basins in which the sulfide-rich sedi-
ments of the Parmachenee Formation accumulated. Thin inter• 
beds of black slaty schist and quartzite represent the meta• 
morphosed equivalents of carbonaceous shale and impure sand-
s tone beds which formed in a highly reducing environment 
with a very low oxidation-reduction potential . Pyrite and 
some pyrrhotite t~as formed in black muds in t he deeper por• 
tions of this euxinic basin . Sandstone beds were periodi-
cally deposited under conditions of more rapid deposition. 
Because these sed1ments pass up~~rd into calcareous sand• 
stones, impure limestones , and thin grit lensest all with 
calcite and pyrite, more rapid deposition in a less reducing 
environment must have occurred. Shifti.ng and increasing 
currents must have .developed in the shallow seas. Traces of 
siderite formed in stability with small amounts of calcite 
and (or) pyrite .in these sediments under changing Eh-pH 
conditions. 
The thin interbeds of arenaceous schists and quartz-
ites of the lower part of the Madrid Formation indicate a 
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marked change from the euxinie sedimentation to deposition 
of sandy shales and sandstones in a more oxygenated shelf of 
a basin. Crossbedding in some units indicates shallo\41 water 
conditions periodically. No carbonates or sulfides were d~ 
posited with these sediments; . although to the southeast in 
the deeper portions of a basin these minerals were forming 
concurrently in thicker accumulations of sands and muds. 
The Eh•pH conditions in these deeper portions fluctuated so 
that calcite formed predominantly with small amounts of py-
ri,~e and (or) siderite. Current circulation improved in a 
' . 
subsiding marine basin and interrupted the deposition of 
pyrite and siderite in thickening layers of calcareous sands. 
A nearby high land mass intermittently supplied unweathered 
waste products consisting of shale particles, feldspar frag-
ments, and quartz grains. Later periods of quiet deposition 
1n which thick layers of mud altemated with calcareous sand 
horizons suggest, among others, lowering of the land mass or 
a deepening of the basin. A continuation of quiet sedimen· 
tation condltions in the sinking basin was eonducive to the 
accumulation of clays and sporadic thin sand lenses which 
represent the rocks of the Dyer Hill Member. 
In the Early Middle Devonian the geosynclinal sedi• 
ments were- greatly deformed by the Acadian orogeny. The 
formations were squeezed into tightly folded structures with 
northeast trends. Foliation was developed with trends 
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similar 1n orientation to those of the bedding . A pluton 
forcefully invaded these structures and disrupted the bed-
ding trends of the adjacent rocks. This intrusion was em-
placed during the latter stages of the orogeny which has 
produced the regional metamorphic: effects of widespread 
recrystallization up to middle-grade raru<. The added heat 
~ 
supplied by the intrusion developed a zonal pattern of re-
crystallized minerals \1hich was superimposed on the earlier 
formed regional metamot"phic ?.ones . Liquids and gases 
emanat ed from t he cool ing body into the sur rounding rocks 
and developed a number of ne\v minerals ii1 the peliti c and 
calcareous rocl's. 
Aft er the completion of the orogeny a long span of 
geologic time ensued which 'Yas cha racterized by erosion and 
intermittent uplifts until the Pleistocene , at which time 
thick sheets of glacial ice covered and modified the earlier 
landscape by erosion and deposition. The debris which liaS 
obtained from the abrasion and plucking of t he mountains and 
hilltops by the overriding ice was distributed over the sur• 
face as till. The thickest deposits of till \-tere formed on 
the southeast slopes and in the valleys. As the last stag-
nating ice sheet waned, meltwater reworked some o f the till 
and at the same time created many glacial deposits in the 
valleys such as1 esk~rs,. kames. kame terraces, and outwash 
fans. During the late mett!.ng stages of t he ice parts of 
I 
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the Kennebec estuary may have flooded depressed portions of 
the area up to a level which is noto' indicated by the 400 
foot contour level. 
Post•glaclal history is chat:acterized by uplift wit h 
continued erosion. Streams in the major valleys have par-
tially eroded lake deposits and outwash plains. Alluvial 
terraces have been extensively developed and impart a 
stepped characteristic to the large valleys of the 
quadrangle. 
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ntE GEOLOGY OF THE KINGFIELD QUADRANGLE , t-1AI NE 
Publication No. 
Stanley Alfred Skapinsky, Ph.D. 
Boston University Graduate School, 1961 
Major Professor1 Professor Caleb Wroe Wolfe 
The Kingfield quadrangle is located in north central 
Maine. Work has been completed 1n adjacent quadrangles on 
the east. west, and south. Study of the petrology, strati• 
graphy, structure, and geomorphology reveals the geologic 
history of the area. 
The topography, a result of modifications by Pleis• 
tocene glaciation imposed on a landscape of late maturity, 
has been developed on the following formations (from oldest 
to youngest): Lost Brook, Perry Mountain, Parmachenee, and 
Madrid. More than 12,000 feet of Orodovician to Mid· 
Silurian strata constitute a variety of rock types which 
have undergone the effects of regional and contact 
metamorphism. 
Gray non-bedded phyllites and schists with c·hlorite. 
staurolite, and pseudomorphic andalusite comprise the Lost 
Brook Formation. Rhythmites of thin-bedded gray schists and 
arenaceous quartzites containing chlorite, biotite, sericite, 
and andalusite form the Perry Mountain Formation. The Parm-
achenee Formation contains interbeds. of black slaty schist, 
. ' 
. < 
. ' 
py.,lbot.t.te. ~klch ef· the quadrangle t.~ underleta by the 
Madrtct F()ttaatton ""i\tch co••1st& of masalve caleueous 
qua~:lte& and phyllit•• tn•e•ley~ad With thln &el\iata. 
Mlno_. aJEO\mtt o~ pyd.le ail4 alderlte &!'t\ rutlictted co tba 
quaneites and l)hyltltes. 'Lwel" bo~oue oout..&t of gray 
arreaaceous th1n ·lntftbeds o.f two-alea achlste and b.t.o~tttc 
qua~eite&. ~tfl( g.-ay slat-e& with t ht.n quanzttes fom tl'ul 
O,e~ Rlll Hembe~ ot t:he ~pper put of t.he tladrld Fe1:'1Mt1.on. 
Thio fo~tion correlates litboloatoally to tucks 1n adja• 
cent quadranslos cotltainl.Jtg t-tld•Silurtan fc~stts. 
trr~lar compoaltlonal v~atio~s withln a cooling 
pluta p.-odueed cU.ffe-ren~latea...qwu:tz monzonite ad grano• 
d1or1t;E). Quart~ diortte and diorite of tbo plutonic bordet:t 
zetn,f,f re3ulted from reaction and ased.m1latlon of eountty 
wook. ~~"ins l.ate stage• of the Aqadtan omgeny ~il1eh began 
il'l pott• tarty Devonian the pluton foreefutly lnvaded tbe pre-
e-at.atq moks. Ra.dloaotlve datlhg of etm11al' latruetve 
bodlo n~c- Klngfleld al.v-e• an average age of 385 mtllt.on 
yeara. lhe maqtn of a urallt1•ed ga.bbt:"Otc ~ tmtends tn-
to the- quad#an81o ttteat of tufte Poml .. 
Reg10M1 me~r:pbts.m develope<! mlnec.als ~leh a~e 
ttyploal of 1~ end m1ddte-sn4e 8Qftea. Concut metatnorphla 
~ auociated With the plue<m hwfe beet\ CNp&d.mpoaed on 
Che 'tEf81.oM.l meta.;r.pbl.e aone•· -lonal metaao1i'pb1c 
intensity increases northwestward. Zones of contact meta• 
morphism follow plutonic contacts. Metamorphism has recon-
stituted the earbonate minerals as calc•silicates. 
Siderite. calcite, and pyrite developed under varying 
oxidation potentials and pH conditions in the original sedi-
mentary environments. Whether pyrrhotite and (or) pyrite 
formed during metamorphism depended on the initial bulk co~ 
position of syngenetic sulfides. Some pyrrhotite developed 
as an authigenic mineral under ·favorable Eh-pH conditions. 
Euxinic conditions prevailed in barred basins in l~hich 
sulfide·bearing sediments accumulated. 
Bedding and foliation are essentially parallel 1n at• 
titude, trending northeast~Jard and always steeply dipping. 
The axes of major folds trend northeastward. Axial planes 
of minor folds are overturned and dip to the northwest. 
Noses of plunging major folds are not found. The limbs of 
tight major folds apparently . do not converge presumably be-
cause ~he angles between the limbs are so small that the 
beds appear to be par~llel in widely spaced outcrops. No 
major faulting 1s evident" 
During the geologic interval from the Acadian orogeny 
to the Pleistocene the area was subjected to erosion and in-
termittent uplifts. Pleistocene ice sheets covered the areaa 
sc.raping material from the higher elevations and spreading 
1t over lower areas as till. Meltwater from the last stag• 
nattng ice sheet reworked some till and deposited kames• 
! 
eskers, kame terraces, lake sediments• and outwash plains. 
' ~e Kennebec estuary may have extended to the quadrangle. 
Post~glacial history is characterized by uplift with 
continued erosion as str,eams have partially eroded glacial 
deposits and formed alluvial terraces. 
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